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Mosquito-Proof Headgear on the Madeira- 
Mamore Railway Survey. 


When the mosquito was regarded only as a 
peculiarly active insect with a sharp proboscis, 
iis stings were suffered with more or less 
itience, or attempt was made to ward them 
ff by the application of some sort of ointment 
rr ‘dope.”” But since his character as a disease 
bringer has been so firmly established, more 
ffective means of discouraging his attentions 
ave been resorted to. The accom 
panying half-tone, originally pub- 
shed in the “‘Bulletin of the Inter- 
itional Bureau of American Repub- 
cs,” shows the extent of these 
precautions by the engineers now 
ngaged in building the Madeira- 
Mamore Ry., in the jungles of South 
\merica, where the disease-bearing 
nosquito is especially persistent. It 
vill be noted that not only is the 
vad protected by a net, but that the 
1ands and feet also, are covered 
tightly, so that there is no exposed 
part of the body. 
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Fire Protection in San Francisco 


Under the New Building Law. 


The following summary of the fire- 
oofing and fire-protection provisions 
a new building ordinance of San 
l’rancisco, Cal., may prove interesting 
) many. 
FIRE LIMITS AND FIREPROOF 
OOF LIMITS.—The ordinance es- 
iblishes (1) fire limits, embracing 
e northeasterly or roughly the busi- 
ss part of the city, and (2) a larger 
rea (including this) within which 
iingle roofs are not permitted. 
BUILDINGS WITHIN FIRE LIM- 
(S.—Three classes of buildings are 
ermitted within the fire limits: 





Sec. 74. Class A buildings are defined 
those having fireproofed frames of 
teel and with all. structural parts 
incombustible material. Walls shall 
of brick, stone, concrete or 
inforced concrete. Class A build- 
igS with all wall loads above the third floor carried on 
he steel frame shall not be limited as to height. Class 
\ buildings for self-suppcrting curtain or bearing walls 
n the exterior shall be limited in height to 86 ft. Class 
buildings may be built anywhere in the city. 
Sec. 75. Class B buildings are defined as those hav- 
ig a frame of reinforced concrete carrying all wall 
nd floor loads. All structural parts shall be of in- 
mbustible material. Walls shall be of brick, stone 
r reinforced concrete. The maximum limit of height of 
lass B buildings shall be 102 ft., and they may be 
lilt anywhere in the city. 
See. 76. Class C buildings are defined as those having 
‘tericr walls of brick, stone or concrete and an in- 
rior frame of combustible material. The walls may 
bearing or curtain walls and the interior supports 
ay be timber joists, timber or steel girders, and tim- 
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ber, steel or cast-iron columns, or timber studding. 
Class C buildings built with the interior of mill con- 
struction, or with all joists, girders, studding, furring 
and soffits of stairs lathed with metal lath and plastered 
may be built to a height nct to exceed 84 ft. Class C 
buildings with all joists, girders, studding, furring and 
soffit of stairs lathed with wooden lath and plastered, 
or not lathed and plastered, may be built to a height 
not to exceed 55 ft. Class C buildings may be built 
where in the city. 

Sec. 79. The heights of buildings shall not exceed the 
heights given under the different classes except that 
stair and elevator houses, water-tanks, towers and spires 


any- 


MOSQUITOS. 


may exceed the limits. Towers and spires on Class C 
or frame buildings may extend 100 ft. above the rocf, 
but no such tower or spire shall occupy more than one- 
quarter of the street frontage of the building, nor shall 
it have a base area exceeding 1,000 sq. ft. Such towers 
and spires shall not be used as a dwelling, place of man- 
ufacture nor storage room and shall be covered with 
fireprcof materials. 

It will be seen that “Class C” buildings may 
be of ordinary timber frame construction (they 
may have wooden roof trusses of any span), ex- 
cept that the outer walls must be of incombust- 
ible material and the roof must be fireproof. 
This latter requirement is defined more fully; it 
appears that the structural part of the roof in 
Class C buildings may be of wood, on wooden 
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beams or trusses, but it must be covered as fol 
lows 


Sec. 235. Within the fireproof roofing limits the roofs of 
all classes of buildings hereafter erected shall be cov- 
ered with either metal, slate, tile, terra-cotta, asbestos 
shingles, asbestos building lumber not less than one 
eighth of an inch thick; a three-ply pure asbestos roof 
ing * * * ; at least five layers of saturated roofing 
fet * * © provided that said saturated roofing felt 
or said two layers of prepared roofing shall be cemented 
together with asphaltum and then covered with a flowing 
coat of asphaltum in which shall be imbedded 
clean screened gravel of sufficient quantity 
to thoroughly cover the surface * * * 
and provided further that said saturated 
roofing felt or said two layers of prepared 
roofing when laid over wooden sheathing 
hall be laid over a surface of sheet as 
bestos weighing not less than 20 Ibs. per 
100 sq. ft. 

The supports, rafters and all parts of 
roof within the fireproof roofing limits 
rising at any point to a height of more 
than 20 ft. from the top of the masonry 
walls shall be built of fireproof material. 

The details specified for timber 
framing in Class C are substantially 
im accordance with good practice in 
trame-house construction. Steel or 
reinforced-concrete parts in Class C 
buildings must be in accordance with 
the requirements for similar parts in 
fully fireproof buildings. Also, if 
the exterior walls are curtain 
walls carried on steel or rein- 
forced concrete framing, the _ in- 
terior ties of this framing and the 
interior columns supporting these ties 
must be of steel (fireproofed as in 
fully fireproof buildings) or of rein- 
forced concrete. 

THEATERS, HOSPITALS AND 
HALLS.—The general descriptions 
above quoted are amplified for the 
case of certain kinds of buildings 
serving special purposes. Thus, the- 
aters must be of Class A construc- 
tion, i. e., fully fireproofed, and the 
details of exits, passages, stairs, 
stage, etc., are carefully specified to 
give a fireproof result. Moving pic- 





ENGINEERS ON THE MADEIRA-MAMORE RY. PROTECTED AGAINST [ture resorts seating less than 400 


may be Class C. Schools, hospitals, 

public halls, etc., may be Class C if 
seating not over 1,000. Department stores and 
warehouses may be of Class C. 

HOTELS AND LODGING HOUSES.—Tenement 
houses are covered by the State tenement-house 
law. All hotels and lodging houses may be of 
Class C, but if they are to house less than 100 
people and are outside the fire limits, they may 
be of all wood construction. Such may not be 
higher than three stories, however. 

WOODEN PORCHES.—Porches of wood are 
permitted in Class C buildings, up to the fourth 
story, and may carry enclosures to form rooms, 
as quoted below. This evidently may make part 
of the exterior of such buildings to be of wood 
even within the fire limits Such porches, it ap 
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pears, may be built even on hotels or lodging to prevent the rapid progress of fire Such compart- 
, : g i é joie a . 

houses. ments shall not have a floor area of more than 2,500 Area of Contact Between Car Wheels an | 
Sec. 254. Porches of wood may be attached to build- Bq. ft. Rails. 
ings of Class C, but not to buildings of Class A nor SPRINKLERS, ETC.—Hose pipes are required By E. L. HANCOCK.* 
’ , P . : : a . COCK. 
Class B, and shall be constructed without concealed in theaters on each floor and balcony in both ilies 
paces in any part, and without enclosures other than auditorium and stage on each side, and in prop The increase in wheel loads and the conseque 
open rail or wire guard not over 4 ft. above floor, ex- erty room and carpenter shop. They are to be destructive effect upon wheel and rail led tl 
cept as hereinafter specified. Said porches must not writer to undertake some experimental work 


be placed higher than the fourth story of any building, 


nor project over the line of any street, lane, alley or 
place, 

Enclosures on such porches shall not exceed 7 ft. 
from flour to ceiling, and shall not, for a hotel or lodg- 


ing-house, exceed 50 superficial 
any building 


feet of floor room, or for 
exceed 25 superficial floor 
room, and shall be used only as water-closets or privies. 
both and also the 
shall be covered with tin 
in the manner specified in Sections 202 and 204 of this 
ordinance for covering fireproof shutters and doors; or 


other feet of 


Roofs of porches enclosures, en- 


tire exterior of enclosures, 


with corrugated iron nailed to stud frame without 
boarding. 
STAIRWAYS AND ELEVATOR SHAFTS.— 


Some of the provisions regarding stairway con- 
conditions. It 


appears that fireproof enclosures of stairways are 


struction have a bearing on fire 


required only in buildings over 12,500 sq. ft. 
ground area, and in Class C buildings the stairs 
may be of wood even when required to be thus 


enclosed. The requirements as to fireproofing 
elevator shafts are not ideal. 
Sec. 240. Open elevators or elevators withcut fireproof 


enclosures may be used in buildings of Classes A and B. 
They may used in buildings of Class C, pro- 
vided they located and operated in well holes of 
fireproof staircases (oak treads may be used) ; provided, 
the are entirely surrounded by walls, either 
of fireprooof material or of studding both 
sides with metal lath and plaster. 

Open elevators may be used in all buildings provided 
they do not pass the ceiling of the first story. 

Buildings occupied or used entirely for manufacturing 


also be 


are 


staircases 
covered on 


or mercantile purposes may have open elevators with 
hanging enclosures around the openings at each floor, 
extending downward at least 3 ft. and covered with 
metal on both sides from soffit of the hanging enclos- 
ures to the top of the floor above, and trap-doors cov- 
ered with metal on the underside at each floor. 


Elevators, hoists, dumb-waiters and lifts and all open- 
or shafts passing through the floor or floors in all 


nes 
ines 


buildings other than Classes A and B, and under all 
other conditions, shall be enclosed by walls of non- 
ombustible material, or of studding covered on both 
sides with iron, or with metal lath and plastering not 
less than three-quarters of an inch in thickness. 

Sec, 229. The bottom of every elevator and of every 
stairway leading to a basement shall be enclosed with a 
door and a tight partition extending from the basement 
fleor to the under side of the first floor, which enclosure 
hall be of the construction required for a building of 
the class in which it is placed, and shall contain no 
glass except wire glass 4-in. thick in metal sash. 


WOODEN SHEDS.—Wooden sheds are permit- 
ted within the fire limits up to a size of 1,500 sq 


ft. ground area and 15 ft. height. 

Sec. 156. Sheds erected within the fire limits, if not 
constructed entirely of incombustible material, shall 
have a timber frame, without boarding, covered on the 
outside and roof with corrugated iron or sheet metal. 

Sheds shall be erected on the ground, shall not exceed 
15 ft. in height, shall be open on at least three sides 
ind shall not cover an area exceeding 1,500 sq. ft. 

No fence shall be used as any portion of such shed. 

LIMITS OF FLOOR AREAS.—The size of un- 
broken floor area is not limited in Classes A and 


B. In Class C there are limits, as stated below, 
from which it will be seen that practically there 
is no limit even in this type (wood interior); 
also, an extension of area limit is permitted 


when automatic sprinklers are used, though this 
is not likely to play much of a part in actual 
practice. 

Class C, mill and 
single floor area 
shall exceed 
Class C 


See. 8O. . . . In buildings of 
wherever built no 
between exterior, division or party walls 
10,000 sq. ft., that in buildings of 
struction not exceeding one story in height, and used for 
warehouse purpose only, a single floor area between ex- 
terior division or party walls may be built with an area 


frame construction 


except con- 


of 19,000 sq. ft.; provided, however, in case the fore- 
going described buildings are completely equipped with 
a system of automatic sprinklers in a manner approved 
by the Board of Fire Underwriters of the Pacific, the 
said area may be increased 50 per centum. ‘ 
‘tties or the unfinished spaces between the ceiling 
and roof rafters of every Class C or frame building 
hall be divided into compartments or rooms in order 





supplied 
building. 
building is 


from automatic fire pumps within the 
A Standpipe with connection outside the 
also required, 


and various auxiliary 


fire equipment. Automatic sprinklers covering 
the entire stage space are required, with supply 
from a tank over the stage roof. Sprinklers are 


to be placed also in dressing-rooms, below stage, 


ete. Water casks and buckets are to be kept-on 
the stage. 
Cold-storage houses must have their hallways, 


passages and elevator shafts protected by auto- 
matie sprinklers. There are no other sprinkler 
requirements except for theaters. 
Fire department standpipes are required on all 
buildings 4 stories or more in height. 
Inside or standpipes connected hose 


wet with 


determine the area of contact between car whee 
and rails. All tests made heretofore have bes 
made with the rail resting on a solid foundatio: 
This eliminates the bending of the rail and t} 
bending of the All laboratory tests 
been made on single wheels or portions of wheel 
eliminating the effect of the bending of the axl. 
Tests made by Dean W. F. M. Goss on wroug) 
iron car (see “Digest of Physical Tests, 
Vol. II) show that the bending of the axle is a 
important factor in area of contact tests. H 
investigation showed that the center of the ca 
axle might deflect %-in. without exceeding th 
limit of the material, and that this d: 
flection may cause a change of gage of 0.3 in. 
For the purpose of the tests a small section o 
track was built upon the base of a testing ma 
chine as described below. It was thought best t 
use wheels and rails that are in general servic: 
These were supplied by the Lake Erie & Wester: 


ties. hay 


axles 


elastic 





reels are required in all buildings over 58 ft. 
high. 

FIRE DOORS AND SHUTTERS.—Automatic 
fire doors are required on all openings through 
exterior, division or party walls whereby com- 
munication is made with 
adjoining buildings or 
rooms, except in frame 
houses. 

Window openings = in 
exterior walls facing on 
a lot line, court or yard - 
Within 30 ft. of another 
building, and all wall - 
openings in factory and 
store buildings over two 
stories high must have 
either fire shutters or 
Wire-glass. 

MISCELLANEOUS. — 

Fire-escapes are quite 
generally required. 

Terra-cotta chimneys 75 Ib. Rail. 
are permitted only if “a FIG. 1. SECTIONS OF 
United States patent has 
been issued’ for them, 
and all such smoke-pipes now in use not con- 
forming to such patent must be removed. Terra- 
cotta lined brick chimneys, “patent chimneys,” 
and in concrete walls also concrete chimneys, 


are the only chimneys permitted in buildings. 

Dangerous articles may not be stored or sold 
in any part of a theater building. Explosive or 
inflammable compounds or combustible materials 
may not be stored under any stairway, or used 
in such a place or way as to interfere with egress 
in case of fire. These are the only limitations in 
the ordinance on the storage or use of dangerous 
inflammables. 

<1 &—— —________. 


ELECTRIC TRACTION ON BOSTON RAILROADS,.— 
The joint board, made up by the Massachusetts Railroad, 
the Boston Transit, the Metropolitan Park and the Har- 
bor and Land Commiss‘ons, reported to the Leg- 
islature on commercial and transportation matters re- 
lated to the improvement of the Boston metropolitan dis- 
trict as directed by the General Court in 1909. The re- 
port in part discusses the installation of electric traction 
in the railway terminals—a matter which has been 
brought before several commissions and the Legislature 
by the attempts of the Boston & Bastern Ry. to gain 
rights to build a high-speed electric line, as noted in 
Engineering News, 1908, July-Dec., pp. 196, 504, 644. The 
report states: 

Most of the suggested improvements in the passenger 
and freight service of the metropolitan district are predi- 
cated upon the substitution of electricity for steam as a 
motive power. As the Metropolitan Improvements Com- 
mission reported that the question of transportation was 
the paramount question affecting the commercial and in- 
dustrial development of the district and of the State, 
and as that opinion has been plainly endorsed by the 
Legislature and by the public, and is fully concurred in 
by the board, it becomes of primary importance that the 
work of studying the problem of electrification should be 
begun at once in a determined and comprehensive way. 

After reviewing the work done by the New York Cen- 
tral and the New York, New Haven & Hartford roads 
in and about New York City, the board recommends that 
the Legislature require all railroads operating within the 
metropolitan district to study the “electrification’’ of 
both passenger and freight services and to report their 
findings to the board by Sept. 1, 1910. 
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90 Ib. Rail. 


RAILS USED IN CAR WHEEL CONTACT AREA 
TESTS. 


tailroad and consisted of four pairs of wheels 
mounted upon their axles and portions of a 90-Ib 
rail and a 75-lb. rail. The rail sections are 
shown in Fig. 1. The dimensions of the wheels 
and axles are shown by Fig. 2 and Table I. Th 
pair A was a pair of new cast-iron wheels de 
signed to carry, according to M. C. B. specifica- 
tions, probably 22,000 lbs. Weight of wheels and 
axle was 1,800 lbs. Pair B was a pair of cast 
iron wheels, slightly worn, designed to carry 
15,000 Ibs. and weighing with axle 1,500 lbs 
Pair C was a pair of cast-iron wheels, consid 
erably worn. The wheel Ca was worn hollow o! 
the tread. The other wheel, Cp, not quit 
so badly worn. These were designed to carr) 
15,000 lbs. and weighed with axle 1,480 Ibs 
Pair D was a pair of steel tired wheels, new. 
weighing with axle 2,675 lbs. and designed to 
earry, probably, 31,000 Ibs. 

The roadbed was built upon one side of th 
extension base of a 200,000-lb. Riehle testin: 
machine in the Laboratory for Testing Materia! 
of Purdue University. This machine with track 
and wheels is shown in section in Fig. 3 and by) 
photograph in Fig. 4. In a suitably constructe: 
box, about one foot of crushed stone was place: 
and upon this were laid two ties with 
sections spiked in place. The ties were placed 
14 ins. center to center and the rail sections wer 
2 ft. long, placed at standard gage. The weigh 
of this roadbed and wheels was counterbalance: 
by cast iron piled upon the other arm of th: 
machine. This is shown in Fig 4. A box girde 
attached to the moving head of the machine an: 
resting on a column at one end was the mean 
of applying pressure to the journals through a! 
auxiliary beam at the other end. The load wa 
applied to the axles at the journals, approximat 
ing as nearly as possible the conditions of service 


was 


ral 





*Professor of Applied Mechanics, Worcester Polytechni 
Institute, Worcester, Mass. 
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Fig. 2. Diagram for Dimensions of Car Wheels 
Used in Contact Area Tests. 
(Letters indicate dimensions given in Table I.) 


‘TABLE I.—DIMENSIONS OF CAR WHEELS TESTED 
FOR RAIL CONTACT AREA. 





Pair A Pair D 
New -——Pair B———,_ _-—--Pair C- Steel 
wheels Worn Worn wheels 
same E353946 135200 13137 11663 same 
A*.... SD%/s6 32% 3518 /gg 
B 3s 32% 35/16 
C 5% 4/16 6/16 
DD 414 LA 5 
I 8% 7/16 9 
I 53% 51% 6% 
G 41/; 4% 5"/33 
H t 4°/i6 315/56 
I 1% 1% 1!"/1¢ 
K 5% 51/16 554 
L, 15/16 % 1*/16 





*Letters refer to Fig. 2. 


The areas were’ taken by means of carbon 
prints on white tissue paper. The two wheels 
were hoisted by means of jack screws just enough 
to allow the insertion of the tissue paper and 
arbon. The wheels were then carefully lowered 
ind the load applied. When the load was re 
moved the wheels were again hoisted and the 
paper removed. Areas were taken for loads on 
ich wheel of 5,000, 10,000, 15,000 and 18,000 Ibs. 
No attempt was made to apply loads greater 
than 18,000 lbs., it being considered the maximum 
oad for the wheels tested. Various methods for 
taking areas were tried and each one checked up 
by measurements of known areas. The method 
described above, previously used by Mr. Geo. L. 






































FIG. 3. DIAGRAM SHOWING ARRANGEMENT OF APPARATUS FOR TESTING AREA OF CONTACT 
BETWEEN CAR WHEELS AND RAILS. 


Fowler (“The Car Wheel,’’) was found to give the 
best results and was, accordingly, adopted All 
areas were measured with the planimeter. 

Repeated areas were taken at different points 
on the tread of the wheel. In order to study the 
effect of the position of the wheel on the area, 
contacts were taken in three positions, viz: With 
the flange against the rail (designated “against’’) 
with the opposite flange against its rail (desig- 
nated here as “flange away") and for a position 
midway between these two (designated ‘“nor- 
mal’). 

Table II shows the average areas obtained by 
using wheels B, A and D on both the ¥O-lb. and 
the 75-lb. rail for different positions and different 
loads. Table III shows a comparison of areas for 
wheels A, B and D. It is seen that the steel 
tired wheels give greater areas than the cast-iron 
wheels on the 90-lb. rail and less on the 75-lb. 
rail. It would be expected that these wheels 
would give greater areas on each size of rail, 
since they had a greater diameter. That they 
did not must be due to the shape of the head 
of the 75-lb. rail. Table IV shows the areas 
taken on the wheels C. It should be remembered 
that Ca is the wheel worn hollow and Cp» is the 
less worn wheel of the pair. From this table it 
is seen that Ca gives considerably higher averages 
than C» for the 90-lb. rail and slightly higher for 
the 75-lb. rail. Averaging results of Ca and C» 











“IG. 4. CAR WHEELS ON TESTING MACHINE IN POSITION FOR TESTING AREA OF CONTACT 
WITH RAILS. 


(Short rails were spiked to two ties ballasted with 


crushed stone in box on base of testing machine.) 


the figures show for the 90-lb. rail areas greatest 
When “away” and least when “normal,” and for 
the 7d5-lb. rail greatest when “against” and least 
when “‘‘away.’’ This shows that the flange areas 
are likely to be as large or larger than the 
normal areas. The idea commonly accepted is 
that the flange areas are always small. 

Table V shows the averages for all wheels for 
i load of 18,000 lbs. on each car wheel, for the 
two rails, and the various positions of the con 
tact areas. For the 90-lb. rail, in the average of 
all positions on the tread, wheels A give the 
greatest area, D second, C third and B fourth 
or in the order ADCB. For the T5-lb. rail the 
order is CBAD. The results for the 90-lb. rail 
are what one might expect, considering the weight 
and size of wheels and the fact that the wheels C 
were worn hollow and so capable of giving 
greater contact. It seems also that wheels C 
and B had been so worn as to give greater con- 
tact on the 75-lb. rail. The condition of the tread 
of wheels C and the contact with the 90-Ib. rail 
for the normal position are shown in Fig 5. The 
wheel, Ca, always gave a two-area contact with 
the 90-lb. rail and a single contact with the 


b. rail for the normal position. Typical areas 


te- 
for wheels C are shown in Fig. 6. The maximum 
pressure has been computed on the assumption 
that at the center of contact the pressure is twice 
the average. This does not give the exact pres 





Worn Wheel 


Ca 















90 Ib-Rai!l 
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Fig. 5. Condition of Treads of Worn Cast-lron 
Wheels “C’’ and Contact With 90-lb. Rail for 
Normal Position. 

sure, probably, but below the elasti limit 

must approximate closely the true pressure 

A further averaging of the areas in Table V 
may be made as follows 


Total averag rea 
all wheels 


90-Ib. rail. 75-1b. rail 


Flange against ..... aad ; 51 383 
Flange normal ........-seseeeeeee | 48 385 
Flange away ....... Vishiwesadage 61 407 
All poOSitioOnS ....ccccccensccevevees 51 .394 
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All wheels, all positions considered, show areas 
of contact greater for the 90-lb. rail than for 
the 7d-lb. rail, viz. 0.51 sq. in. compared with 
V.394 sq. in The flange “away” from rail gives 
thé greatest area for both rails The flange 
“normal” gives least on the 9O-lb. rail and the 
flange “against” on the 75-lb. rail. 

In order to determine the effect of the bending 
of the ties and rails upon the area, the pair D 
was mounted with the rail sections resting on 
the base of the machine, after the track section 
had been removed as shown in Fig. 7. (The 
chains and ropes shown in Figs. 4 and 7 were 
always slack during tests and were kept in place 
to prevent accident). The results of these tests 


TABLE Il.—AVERAGE CONTACT AREAS FOR 
WHEELS B, D AND A 





Wheels B -Wheels D--—, ---Wheels A-- 
Area Area Area Area Area Area 
90-Ilb.  75-Ib 9)-lb. T5-Ib. 90-lb. T5-lb. 

Load rail, rail, rail, rail, rail, rail, 
pounds sq. in sq. in sq. in. sq.in. sq.in. sq. in 

Flange Against. 

5,000 29 — 42 .20 59 30 
10,000. . 42 ss AT .25 es 33 
15,000. ... 46 act D4 33 A 42 
18,000.... .41 : 61 8 .69 32 

Flange Normal. 

5,000.... .20 38 .30 18 +3) 23 
19,000.... .25 36 38 -20 27 25 
15,000.... .24 38 47 .30 46 20 
18.000... 37 42 50 3 63 354 

Flange Away 

5.000... . ‘ 25 28 2 Bs ae 
10.000. “ 36 Rss) 30 43 24 
15.000... 29 60 32 58 30 
18,000.... {4 65 36 .66 40 


rABLE Ill.—COMPARISON OF CONTACT AREAS FOR 
STEEL-TIRED AND CAST-IRON WHEELS 


Load, Ibs..........5,000 10,000 15,000 18,000 

Cast-iron wheels A 
See ss a .288 365 445) 90-Ib. rail 
teel wheels D..... .276 40 456 493 § 


Cast-iron wheels A 


square inches. 


Fig 8. It is seen from this table that the areas 


. an OS rer ra 
he are 7, ac ere ga . a A on” . 
the area of contact There seems to be scarcely 15,000...... Camere 


any increase, however, for the T5-lb. rail. | ere ae 
The average areas obtained in these tests are 























ae Sere 

considerably higher than those obtained in tests See bie ee 
made heretofore, when the same wheel loads << ela ates of 

were used. In Table VII some typical areas are 

compared with areas obtained by Fowler (“The eee" ie he 4 
Car Wheel’) and J. B. Johnson (‘Materials of i eee: 

Construction’). The tests made ky Fowler and 18,000.......... * 3 
Johnson were made with the rail resting on a Note: Ca wheel worn 
5,000 Ibs 19000 /bs /5,000 Ibs /8000 /bs. Load on Wheel. 
19 cs 30 52 Area of Contact in Sq. In 
52,600 71400 100,000 Max.Stress in Ibs.per Sq.In 

—_—_— a _ 












































































































b. Wheel Norma, 








Wheel Cg; 90lb.Rail, 2Ties. 











given for the 9O-lb. rail are considerably greater Load. Area 90-lb 
with ties than with no ties, indicating that the ees ns 
bending of the ties and rails tends to increase 5,000. ... sSeteaake ae 


FIG. 6. RAIL CONTACT AREAS OF WORN CAST-IRON CAR WHEELS. 








and Basen ns aioe a ae 34 ae rail FIG. 7. CAR WHEELS MOUNTED ON TESTING MACHINE TO DETERMINE CONTACT AREA 
Steel wheels D..... 1738 93 .263 283 


WITH RAILS SOLIDLY SUPPORTED. 


Note: Areas given are averages for all positions in (Smaller areas were found in this case than with rails on ties owing to elimination of bending of rails.) 


are shown in Table VI and some of the areas in TABLE IV._AVERAGE AREAS OF CONTACT FOR. WORN WHEELS FOR DIFFERENT POINTS ON TREAD. 











——Wheel Ca—————_- — ———_-———— Wheel Co — —_ 
Stress, Ibs. Stress, lbs. Stress, Ibs. Stress, lbs 
Area 75-lb. per sq. in. per sq. in. Area 90-lb. Area 75-lb. persq.in. per sq. in 
rail, sq. in. 90-lb. rail. 75-Ib. rail. rail, sq. in. rail, sq. in. 90-Ib. rail. 75-Ib. rail 
Flange against. 
22 52,600 45,400 oe 23 peat 48,400 
2 71,400 38,400 .20 30 100,000 66,600 
.80 100,000 37,400 28 B34 107,200 88,200 
ay | 69,700 50,600 .30 oo 102,800 92,200 
Flange normal. 
25 15,380 40,000 AT 20 59,600 34,400 
37 29,400 54,000 21 40 95,200 50,000 
40 50,000 70,000 31 46 96,800 65,200 
40 66,600 90,000 .30 50 120,000 72,000 
Flange away. 
.24 35,900 41,600 23 .28 40,000 35,600 
30 66,600 66,600 42 39 47,600 51,2 
20 90,800 100,000 .62 AD 48,400 61,200 
ot 94,600 111,600 .66 oo 54,400 69,200 
hollow; Cp wheel less worm 
5,000 Ibs. 10.000 !bs. 15,000 Ibs . 18,000 Ibs. Load on Wheel 
235 30 JF .39 Area of Contact in Sq.in 
— a — 





5,000 Ibs. 10,000 lbs. I5,000/bs. 1/8000 lbs. toad on Wheel. 
.29 40 46 .50 Area of Contact in $q.In. 
34,400 50,000 62500 72,000 Max. Stress in Ibs. per Sq. In 





5.000 Ibs. 10,000 Ibs /5,000 Ibs 18000/bs, Load on Wheel. ie lr 

65 .68 .60 54 Area of Contact in $q.In. 
15,380 29,400 ™ 50,000 66,600 Max. Stress in Ibs. per Sq.in 

. a Ew = 5,000 Ibs. 10,000 /bs /5,000 Ibs. 18,000 Ibs. Load on Wheel. 
5,000 Ibs /Q000 Ibs ISOO0O0/bs. /8000/bs. Load on Wheel}. .28 ioe 49 .52 Area of Contact in.Sq.In. 

28 30 s KH} .38 Area of Contact in Sq.In. 35,600 51,200 61,200 69,200 Max.Stress in |lbs.perSq.In. 

re sities 
a. Flange against Rail. ENG. News 


c . Flangeas far as possible from Rail, 


Wheel Cy; 75Ib.Rail, 2 Ties. 
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rABLE V.—AVERAGE CONTACT AREAS FOR VARIO 


Wheels B. Whe 
c——Average area——, om—Averag 


90-lb. rail. 75-lb. rail. 90-Ib. rail. 75 
Against .ccccsese 41 pipe: 61 
NORIIEE ci ccueees 37 42 50 
AWEF ccccccccces ene .44 65 
Ce .389 43 586 





Note: Areas in square inches. 


TABLE VI.—AVERAGE CONTACT AREAS FOR 
WHEELS D WITH AND WITHOUT TIES. 
90-Ib. rail. 75-lb. rail. 

Flange against 61 28 


wo Ties} Flange normal .50 33 
Flange away .65 .36 
Average 586 .32 
Flange against 38 31 
No Ties Flange normal .389 .80 
Flange away .39 sot 
Average 389 wal 


Note: Areas in square inches. 





solid base, while in those made by the writer 
ties were used. The values selected for this table 
ire not average values but they show what might 
ve shown by the selection of other areas, viz., 


2 2e @ ® 


18,000 lbs. ‘Load on Whee! wired to the skeleton at 
.33 Area of Contact, Sq.Ins 
/09,000 Max.Stress in lbs. per Sq Ir 


5,000 Ibs. 10000 Ibs 15,000 /bs 
18 .20 .30 
55,400 100,000 100,000 


75 Ib. Rail; Wheel Normal; Two Ties. 


els D. Wheels A. 


US PAIRS OF WHEELS FOR LOgp OF 18,000 LBS. 
Wheels C. 


area —\ -——Average ares———~— Average area——-_, 

-lb. rail. Q90-Ib. rail. 75-lb rail YU-lb. rail. 75-Ib rail 
.28 -60 .o2 435 55 
33 .63 .34 .42 45 
36 .66 .40 52 43 
323 .63 35 458 A76 


HOLLOW POLES OF REINFORCED CONCRETE 
made by a centrifugal process are manufactured in the 
works of the Deutsche Schleuderréhren Werke at Meis- 
sen, Germany. The mold is rotated around its longitud- 
inal axis at high speed after the wet concrete is poured 
in. The rotation is kept up for about 10 mins., which 
seems to be sufficient time to allow the concreve to form 
a uniform shell in the mold and acquire enough hard- 
ness to hold its shape. The machine used is similar to 
a long lathe-bed carrying a number of yokes adapted to 
surround the form for the pole. These yokes have each 
three bearing-wheels or rollers, in which runs a clamp 
ring which engages and holds the form At several! 
points along the length of the machine there are pulley 
and-belt drives, the belts running over the outer surface 
of the clamp rings. The process of manufacturing the 
poles is thus: The reinforcement is first prepared. 11 
consists of longitudinal rods 
held by hooping spirals in 
side and outside. Small con 
crete blocks or spacers are 


numerous points, to center it 
in the mold. Then the as- 
semblage is placed in the 
cylindrical or conical form, 
and a sufficient amount of 
concrete is poured in, after 


which the torm is slipped 

endways into place in the 

q centrifugal machine. If the 
p pole is to be cylindrical and 


5,000 Ibs. 10000 Ibs. 15,000 Ibs . 18,000 /bs 
.30 .38 47 .50 
33,200 52,600 63,800 


901b.Rail; Wheel Normal; Two Ties. 


Eg | . 2 ee the large end. While 


5,000 Ibs. 10,000 /bs. /§,000 Ibs. 
JS7 .20 YF .3O 
58,600 100,000 411,000 


75 ib.Rail ; Wheel Normal; NoTies. 


a 9 dency of the material to 
flow downhill will 


5,000 Ibs. 10.000 Ibs. 15000 Ibs 
20 27 32 
50,000 74.000 93,600 


90 Ib. Rail; Wheel Normal; NoTies . 


72,000 Max. Stress in Ibs per Sq In 


18000/bs. Load on Whee! 


18000 lbs. Load on Wheel. 
.39 Area of Contact, Sq. Ins the large end. Exact adjust- 
92,200 Max Stress in Ibs.perSq.in. Meat of the angle of tilt 


bad on Wheel vt uniform thickness along 
the whole length, the ma- 
chine is set so as to bring 
ihe form into accurate levei. 
it the form is conical (for 
a conical pole), a _ level 
position will result in greater 


Area of Contact, Sq.Ins 


thickness of concrete at 
this 
is generally desirable, a 
uniform thickness may be 


Area of Contact,Sq. Ins wanted, and in this case the 


120,000 Max.Stress in Ibs per Sq.In machine must be tilted 


so as to hold the small 
end of the form at a lower 
level than the large end, 
in which position the ten- 


balance 
the centrifugal tendency to 
throw more material toward 


must be a matter of experi- 
ence, of course. The rotation 


FIG. 8. RAIL CONTACT AREAS OF STEEL-TIRED CAR WHEELS WITH of the mold not only throws 


AND WITHOUT TIES. 


that the areas obtained by the writer are greater 
than those obtained by Fowler and Johnson. It 
is quite likely that the areas obtained by the 
writer are somewhat higher than those obtained 
in service, since the bending of the short sections 
of rail was greater than in service and since the 
tread of the wheel rolled slightly across the face 
of the rail due to the bending of the axle when 
the load was applied. This latter condition does 
not obtain in service when the axle is constantly 
under bending. Even when the increased bending 
of the rail and the bending of the axle are con- 
sidered, the areas obtained by the writer are 
still considerably higher than those obtained 
heretofore, indicating that the bending of the 
rail and tie increase the area of contact appre- 
ciably. This gives a corresponding decrease ip 
the maximum fiber stress. 








TABLE VII.—COMPARISON OF CARWHEEL CONTACT 


the concrete outward to form 

a shell, but also separates 

out the excess water, which, being lighter than the con- 

crete, remains inside the latter. The drying action un- 

doubtedly helps in solidifying the concrete quickly. It 

is found that after 10 to 15 mins. the concrete is solidi- 

fled enough so that the form can be taken out of the 

machine and laid away to allow the concrete to set. After 

a week or so the form is removed, and the pole is then 
stored on a moist sand bed for two weeks longer. 

These poles have shown good strength in bending tests, 
and they seem to be fairly uniform. They are manu- 
factured in sizes up to 46 ft. long, 6 to 8 ins. at the point 
and 9 to 15 ins. diameter at the butt, with shell thick- 
ness 14 to 3% ins. They are the invention of Prof. M. 
Foerster, of Dresden, Germany. The process has been 
patented. 


~~ 


A GATE VALVE, IN A 48-IN EXHAUST LINE of a 
1,000-KW. low-pressure steam turbine operated by a 
3-HP., three-phase, 60-cycle, 550-volt induction motor, 
is in operation at the plant of the Pressed Steel Car Co., 








AREAS OBTAINED BY DIFFERENT INVESTIGATORS. 





Hancock Hancock 
steel wheels, steel wheels, 

Fowler 75-1b. rail. Fowler 90-Ib. rail. Fowler Johnson Hancock Hancock 

steel ——_— steel —— _ cast-iron cast-iron cast-iron cast-iron 

Load, wheels, With No wheels, With No wheel, wheel, wheel, wheel, 

Ibs. 80-Ib. rail. tie. tie. 100-1b. rail tie. tie. 100-Ib. rail. 75-Ib. rail. 75-lb. rail. 90-Ib. rail. 
5,000.... .08 i .08 co .20 aa 08 .38 .20 
10,000....  .10 20 .25 .14 38 27 12 12 36 .25 
15,000.... .15 .30 .28 17 47 =.28 16 16 38 .24 
20,000.... .23 .83 .34(18,000 Ib.) .19 .50 .38(18,000) .18(17,500) .21(18,000) .42(18,000) .37(18,000) 


Note: Areas in square inches. 


McKees Rocks, Pa. The motor speed (1,120 r. p. m.) is 
reduced through spur gears for the proper operation of 
the thread of the main stem. A hand wheel for hand 
closing is also provided. A worm gear on one of the 
intermediate shafts operates a limit-switch mechanism, 
which automatically controls the movement of the gate 
by stopping the motor at a certain point in the gate 
travel, either way. 

Applications of alternating-current motors for control 
services of this kind are yet considered novelties, but 
the performance of this apparatus is claimed to have 
demonstrated that the induction motor can do such work 
for which the direct-current motor has already proven 
an ideal motive power. To open or close the valve, it is 
necessary only to throw the operating switch into the 
corresponding position, starting the motor which con- 
tinues to run until it is automatically cut off when the 
end of the valve travel is reached. The valve is thus 
operated with the minimum trouble, and can be closed or 
opened at the predetermined safe operating speed as 
easily as switching on an electric light. The valve 
mechanism was designed and built by the Pittsburg 
Valve, Foundry & Construction Co., of Pittsburg. The 
electrical apparatus was built by the Westinghouse 
company. 

e seinen 

THE STANDARDIZING OF SPECIFICATIONS FOR 
paving (asphalt, brick and creosoted wood especially) 
is to be considered at a convention of city engineers and 
officials which is to be held at Chicago, Feb. 21 to 26. 
It is believed that better materials, better paving and 
lower prices will result from the improved specifications 
The convention was suggested by the Board of Loca! 
Improvements (Chicago) and approved by Mayor. Lusse, 
who has issued a notice to this effect to the mayors o! 
cities having a population of 100,000 or over. The 
Board has had the matter under discussion with the ot 
ficials of several large cities, who agree that such a 
convention should produce beneficial results. The ar- 
rangements are in charge of Mr. F. P. Fowler, 302 City 
Hall, Chicago. 

selancitinhateliaiahiipsaiinntait 


THE SOUTH SAN JOAQUIN IRRIGATION DISTRICT 
in California has voted $1,875,000 of bonds for irrigation 
works to be constructed in accordance with plans made 
by Mr. Edwin Duryea, Jr., of San Francisco, Chief 
Engineer of the district. The bonds carried by a popular 
vote of 329 to 67. The district comprises about 62,U0U0U 
acres of land in the southern part of San Joaquin County, 
but it is expected that it will be enlarged to 70,000 
acres. The district is organized under what is known as 
the Wright-Bridgeford Law, which enables irrigation dis- 
tricts to issue 30-year 5% bonds to pay for the cost 
of works. The bonds are redeemable between the 20th 
and 30th year of their life, unless the district votes 
to refund the bonds. All the land in such an irriga- 
tion district is taxed to pay the interest and mainte- 
nance charges, and finally the redemption charges of the 
bonds. Mr. Duryea has provided for a drainage system 
in connection with the above-named irrigation works, to 
control the underground water-level and prevent in- 
juriows effects due to ultimate saturation of surface soil 





———_@—_—_— 


THREE-CYLINDER TANK LOCOMOTIVES for heavy 
switching service have been built at the Gateshead 
shops of the Northeastern Ry. (England), to the designs 
of Mr. Wilson Worsdell, M. Inst. C. E., Chief Me- 
chanical Engineer. The engines are of a class used in 
gravity switching yards, where trains have to be pushed 
up a grade to the “hump” or summit of the gravity 
tracks. It is of the 4:8:0 class, with side tanks and a 
rear coal bunker. The cylinders are all in line, at the 
smokebox, and are served by three piston valves, the 
three pairs of eccentrics for which are all mounted on 
the first driving axle. The inside cylinder is connected 
to the first driving axle, while the outside cylinders drive 
the second driving axle. The cranks are set at 120°, in 
order to give a more uniform turning moment than can 
be obtained with two or four cylinders. The general 
dimensions are as follows 
Wheels, driving 
Wheels, truck ....... 
Wheelbase, driving ............... 
Wheelbase, total en ae ee ee 
Weight on driving wheels ......... 
Weight, total 


ab abies iit we hink daatd wage) 
sevacce OU See 
Tree : = 
«av ft. @ ins 

. 149,730 lbs 


Pek ews Oe cae b adtik dmnake P . 189,600 lbs 
EG, IIIS cos cedewa ces ccconeces 0 «0 ocin ot be ee 
ie ere) 
Tubes, length ....... a Wategk Secdatwan ee Sid ee 
I SD on wks ce ceiece aus 7 ft. 4 ins. x 3 ft. 3 ins. 
Steam pressure i auilor ds ree Cher bee Olay & Be Sag fe lee 
RSE eee eee eer Tere 18 x 26 ins 
Piston valves (3), diameter.......... aé=bubeanare 8% ins. 
SE ON fe ee ee EE ea contcee Ae 
WED SEY, adders ues weeuedencie Saved eabas 4% ins. 
OE chara awh + nSesibeign waitin ns oe ce ee elS/1G-in. 
Connecting rod, inside, length..... ... 6 ft. Tins. 
Connecting rod, outside, length...... scevebe OF Cl. 
HOMSING SUPINE, © TUDOR co. ocvc cies cr ccess acd lem, 
Rrra tise alaareetaien 141 sq. ft. 
Total . were | UC 
CE ONE ec nineed. 6c bacon oe . 23 sq. ft. 
Water in tanks.......... 2,500 Imp. gals. 
Geek th WOOP <2. coscn.s Qelcsevd ian weaken rm tons 
Rail to center of boiler...........%.. wp stance 8 ft. 2 ins. 
Rail to top of smokestack........../....... 13 ft. 1 in. 
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Track Elevation at Evanston, Ill.; Chicago, 
Milwaukee & St. Paul Ry. 


By E. 0. GREIFENHAGEN.* 


The Bridge & Building Department of the Chi 





cago, Milwaukee & St. Paul Ry. (under the di- 
rection of Mr. C. F. Loweth, M. Am. Soc. C. E., 
Engineer and Superintendent), is completing 
ome interesting construction work in connec- 
m With grade separation in Evanston, Ill. The 
rk presented a number of difficult problems 
nda oa ription of the solutiens proposed and 
f those adoptcd, together with a discussion of 
r x Co the reasons for the 
ry \\ | choice made, will be of 

| F >| interest 
| | "3 OO at The city of Evanston 
| / ‘cia extends about four 
- ta miles along the shore 
ter Stota.| of Lake Michigan just 
tation) north of the city limits 
tatior of Chicago. It has a 
population of nearly 
$U,000 and is almost 
= exclusively a residence 
town. The Chicago& 
; ij Evanston Division o 
ee aul Ry ® | the Chicago, Milwau- 

dita Tha aceeRhae 


kee & St. Paul Ry 


runs from the Un 

Station, Chicago, 
through the north 
shore suburbs and 


Evanston to Wilmette, 





just north of Evans 

ton, a total distance 

a j | of about 14 miles. This 

— | line handles a_con- 

| siderable freight traf- 

~ |} fic and formerly took 

| care of a= certain 

| amount of suburban 

| passenger traffic. The 

| | Chicago. terminal, 

[Ens Ne i i however, is not very 

Fig. 1. Map Showing convenient to the main 

Track Elevation business, shopping and 

Work and Electric theater center, which 

and Elevated Railway lies within the loop 

Connections of the made by the elevated 
Chicago, Milwaukee railways. 

& St. Paul Ry. at The Northwestern 

Evanston, Ill. 


Elevated Ry. originally 
extended from the downtown loop to Wilson Ave., 


644 miles, and its terminal was at the Wilson 
Ave. station on the Chicago & Evanston Division 


of the C., M. 
The elevated 


& St. P. Ry. (shown in Fig. 1). 
railway had long desired an exten- 


of Evanston to Davis St., which is one block 
south of the limit of the track elevation. The 
very heavy traffic on the former line and _ the 
frequency of the electric trains on the latter line 
made it difficult to prevent accidents at the 
numerous street crossings. The unusual condi- 
tions brought about by the proximity of the 
railways led the city and the two railway com 
panies to agree upon grade separation. An ordi- 
nance was passed in March, 1907, by which the 
Chicago, Milwaukee & St. Paul Ry. was _ re- 
quired to elevate its tracks from the southern 
boundary of the city to Church St., which is at 





This was to have 10-ft. 
roadway, with piers 
only, making a three-span bridge. 

There were five drawn and esti 
mated for the Grove subway follows 
(A-1) Reinforced concrete slabs, 13 ft. wide, sup 
ported by piers, each pir 
having four columns. (This was very similar t 
Fig. 6, but with flat-toppe 


sidewalks and a 36-ft 
allowed at the curb line 


schemes 
St. 


up 
as 
reinforced concrete 


the adopted design, 


Slaps, and with roadway spans 24% ft. ec. to « 
of columns instead of 2144 ft.—KEd.) 

(A-2) I-beam deck spans (eight 2O0-in. I-beams 
per track for roadway spans) with a reinforced 


























the north end of the business district. The em- concrete ballasted deck supported by structura 

bankment was to be as wide as desired by the steel bents with two columns each (Fig. 2) 

company, provided it wes retained within the (A-3) I-beam deck spans (four 24-in. I-beams p: 

right of way by suitabte walls. The ordinance track for roadway spans) with reinforced-con 

for the Chicago & Northwestern Ry. was simi- crete ballast deck and ornamental reinforced co 
ar. crete parapets or facia girders, supported by 

Subway Problem. steel bents as above. (A-4) Through plat 

T bridges which carry the tracks over the girder spans with floor composed of 15-in. 1 

streets a most important features of track beams spaced about 18 ins. c. to c. and covered 
evation werk for the reason that (1) they con= With a reinforced-concrete ballast deck; girders 

trol the elevation of the- base of rail and conse- supported by structural steel bents or piers of 

quently the profile of thi ty 

line; (2) they furnish 20 13" Baie 3 : 

the largest separate items - ‘ 

of cost in such = work, Base of Rail \ - f \" - 

and (3) they are con- Se. S 7 Scene’ 

stantly befor he eyes 0° s K 

the public Ch thre 5 

mat sw nsid 1 dé 39 S& 

When the question of che i af J6"'~i 

type of structure for the * ie y } 

Evanston subways was — = = 

taken up, and it was en- ‘| } 

deavored to design S Ee 

bridges which would ~ Halt Longitudinal Section. Cross Section 

have: (1) floors as thin 


as practicable, to make 
the elevation of the tracks 


a minimum; (2) initial 

cost as small as_ possible consistent with 
durability and economy in maintenance, and (3) 
a good appearance and qualities which would 
render them noiseless and as nearly waterproof 
as possible. That part of the ordinance refer- 
ring most directly to the construction of the 


subway bridges reads as follows: 


Bridges of one or more spans; the superstructure of 
which shall consist of iron or steel girders with a con- 
tinuous floor. Provision shall be made to prevent storm 
water, dirt, oil and other substances from dropping 


into the subways. The bridges shall be supported upon 
abutments of concrete, stone, or brick masonry, or on 
rows of iron or steel columns, braced together laterally, 


and erected on and anchored to masonry foundations 
constructed within the lines of the railway company’s 
right-of-way, and in the centers and curb lines of the 
intersecting avenues and streets. 


This clause was considered rather vague and 



































sion to Evanston, and in August, 1907, it ob- was inserted more for the purpose of eliminating 

tained a lease from the C., M. & St. P. Ry. wooden Or temporary construction and non-con- 

which allowed it to run its trains on the latter’s tinuous floors than for the purpose of binding 

right of way from Wilson Ave. to Central St. the railway to any particular design. Conse- 

(Evanston), 7.2 miles. This part of the line quently it was decided to estimate on various 

was modified for electric traffic, and on May types of steel, reinforced concrete, and combina- 

16, 1908, trains were run from the loop in Chi- tion bridges, which might fit the conditions and 

cago to the north end of Evanston, a distance of comply with the spirit of the ordinance. The 14 

subways come under two 

” Ye general classes: (A) 

R ip . / < €6> Seven subways whose 

, SSS eee oo greatest span is 26 ft. or 

ae ot less. All but one of 

20°I 5 a ree Pee 

these subways have the 

= J roadway divided into two 

rs 4 7 spans by a pier in the 

23 middle of the street. 

ik pcacateciriataks nie . ‘ (B) Seven subways 

y | whose greatest spans 

ra vary from about 30 ft. 

ENG. NEW Side Elevation. Cross Section to about 36 ft. None of 

FIG. 2. ALTERNATIVE DESIGN FOR SUBWAY BRIDGES (CONCRETE meg rhaggi ape 

DECK ON I-BEAMS AND STEEL BENTS); C., M. & ST. P. RY. aenanil wee “ 

about 15.7 miles. The C., Mi & Gt PF. Fy. In making the preliminary estimates, these 

tracks north of Central St. are used by the Chi- two classes were considered separately, on ac- 

cago & Milwaukee Electric Ry., which parallels count of the difference in length of span. As 

the Northwestern Elevated Ry. down to Church St representing the class (A) subways, Grove St. 

The right of way of the Chicago & Northwest was chosen This was to have two 10-ft. side- 

ern Ry. adjoins that of the Chicago, Milwaukee walks and a 46-ft. roadway, with piers allowed 

& St. Paul Ry. from near the southern boundary at the curb lines and at the middle of the street, 

*Office Engineer; Bridge and Building Department; making a four-span crossing. As representing 
Chicago, Milwaukee & St. Paul Ry., Railway Exchange, 


Chicago 





class (B) subways, Greenwood St. was chosen. 


FIG. 3. ALTERNATIVE DESIGN FOR SUBWAY BRIDGES (REINFORCED- 
CONCRETE THROUGH SPANS ON CONCRETE PIERS); 


GCG. .. a& “ST.oP. RY. 
three columns each. (A-5) Through plate-girder 
spans with I-beam floor, similar in design to 


(A-3), except that the curb piers are omitted and 
the girders span from the abutments to the mid- 
dle pier. 

Six designs were drawn and estimated for th: 
Greenwood St. subway (class B) follows 
(B-1) Through bridge composed of heavy rein- 


as 


forced-concrete girders, with a concrete ballast 
floor spanning between them; the girders sup- 
ported by reinforced-concrete piers, each hav- 


ing three columns; Fig. 3.— (B-2) Through plate 
girder spans with I-beam floor composed of 12-in 
I-beams spaced 15 ins. c. to c. with a continuous 
reinforced-concrete ballast deck; girders sup 
ported by steel bents with three columns each: 
Fig. 4.— (B-3) Through plate girder spans with 
steel floor beams and stringers, and a reinforced 
concrete ballast deck; girders supported by steel 
bents of tHree columns each.—(B-4) Bethlehem 
girder-beam deck spans (six 26-in. beams per 
track for roadway spans) with a reinforced-con- 
crete ballast deck; supported by bents of 
two columns each; Fig. 5.— (B-5) Similar to (B-4) 
except for the addition of ornamental concrete 
parapets or facia girders.—(B-6) Span made up 
of two 30-in. Bethlehem girder-beams per rail; 
rails set down between pairs of beams and sup 
ported by a concrete floor; spans supported by 
steel bents of two columns each. 

All the 


steel 


above schemes were estimated for a 
double-track bridge, exclusive of track, abut- 
ments, falsework, depression of street, paving, 
and all other items which were common io 
every type considered, and which, therefore, 
would not affect their relative costs. Natural 
foundations were assumed in all cases. It was 


found that pile foundations would add about 10% 


to the estimates. Table I. shows the relative 








TABLE L—COMPARISON OF BRIDGE DESIGNS FOR 
SUBWAYS. 
Depth Depth 
of floor. of floor. 
c—— Ratio of ———, Ratio 
Scheme _ Ft. Ins. _ cost. Scheme. Ft. Ins. of cost 
4 0 100 SS ere 2 10 104 
f 3 8 112 B-2 2 10% 150 
‘ 4° 0 108 | eee 3 9% 134 
ee ee 3. 5% 146 B-4 a. ae 134 
es 3 5% 149 B-5 i= 2 136 
Se 2 0 132 
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sts and depths from base of rail. The cost of 
heme (A-1) being the lowest, is called 100. 

The depths of the floors are second only to the 
rst cost of the bridge in their bearing on the 
ital cost of the track elevation work, and they 
ere fully considered in the choice of the final 


economy; (2) greater rigidity and freedom from vibra- 
tion, noiselessness; (3) durability, practically permanent; 
(4) require almost no maintenance; (5) of good appear- 
ance, as befits bridges in a residence town; (6) built en- 
tirely of the same materials; footings, abutments and 
piers can be put in by the same forces, with the same 
plant; (7) all work can be done by the railway 


pes A list of the advantages and disadvan- Advantages Claimed for Steel Bridges: (1) The strength 
ges of each of the schemes was also studied in of the structures can be definitely determined by a field 
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FIG. 4. ALTERNATIVE DESIGN FOR SUBWAY BRIDGES (PLATE GIRDER THROUGH SPANS ON 


STEEL BENTS); C., 


mnection with the features in the table, and as 
he result of the investigation it was decided to 
iminate schemes (A-35), (A-+4), (A-3), (B-3), 


(B-5), and (B-6). A summary of the reasons for 


liminating these sche nes may be of interest. 
Scheme (A-3) was considered less satisfactory 
an (A-2) because of its greater depth and be- 
iuse the permanence of the false concrete facia 
rders under the action of deflection and vibra 
tion was questioned. Schemes (A-4), (A-5), and 
(B-5) were discarded because their heavy first 
ost was not compensated for by a shallow floor 
ind because the girders projecting above the 
track level were considered undesirable. Scheme 
(B-5) was replaced by (B-4) in the final estimates 
ecause there was little difference in the two 
designs. Scheme (B-6) was ruled out because of 
its non-continuous floor and because of the un- 
satisfactory roadbed which it provided. This 
left two schemes for the class (A) subways and 


three for the class (B) subways. The relative 
osts and depths of floor for these are given be- 
ow: 
-Depth of floor.— Ratio 
Scheme. Ft. ns of cost 
WP ce ASoe ee Be eeedeeweiins 4 0 100 
tO PPO eee eee 3 Ss 112 
Se 2 10 104 
| ge SERRE TER eC ee 2 10% 150 
B-4 4 2 134 


Since the depth of the floor controlled the 
gradient of the track and the amount of fill re 
quired, it was necessary to figure the value of 
this effect before the cheapest combination of 
schemes for the two classes of crossings could 
be ascertained. Accordingly, calculations were 
made to determine the amount of fill and the 
vardage in retaining walls as well as the effect 
m the gradients, for several combinations. The 
combination of all-concrete bridges, (A-1) and 
(B-1), required from 4,500 to 13,000 cu. yds. of 
fill and from 320 to 540 cu. yds. of concrete less 
than any other combination. These facts, _to- 
gether with the figures of costs, showed conclu- 
sively that reinforced-concrete bridges for all 
subways had the least first cost from all points 
of view. The advantages for the concrete 
bridges, exclusive of first cost, as compared with 
the structural steel bridges, were classified as 
follows: 

Advantages Claimed for Concrete Bridges: (1) Greater 


rABLE II.—SCHEDULE OF SUBWAYS ON EVANSTON 
TRACK ELEVATION, C., M. & ST. P. RY. 
Total Width Width 
of 


width of 

between each each 

abut- side- road- Head- 

Subway ments, walk, way, room, Skew, 
ft. ft. ft. ft. deg. mins. 

Chicago Ave.... 60 10 20 13 18 3 
Mulford St...... 40 10 20* 12 17 40 
| ares 10 20 12 8 29 
Madison St...... 60 10 20 13 10 0 
Washington St.. 60 10 20 12 10 20 
WE Oo cscnccs Se 13 20 12 21 3 
Greenleaf St.... 60 10 20 12 10 36 
Dempster St..... 66 13 20 12 10 36 
Greenwood St... 66 13 20 12 ll 53 
Oe eee 66 13 20 12 15 19 
eee 13 20 13 20 «6388 
BO Des escvics 80 14 26 12 8 28 
Church St....... 68 14 20 121 0 2 


*Mulford St. has only one roadway span; all the others 
have two. 





M. & ST. P. RY. 


exam nation, in case the plans are destroye!; (2) ordinary 


errors of workmanship will not affect the stability o/ 
the structure; (3) alterations not impossible; (4) bridges 
will always have some salvage value; (5) ordinance need 


not be amended, as would probably be the case con 


crete superstructure were adopted; (6) do not require 
the spreading of the tracks to clear the middle girder, 
as in the concrete bridges with through girders 


It was decided that the concrete bridges would 
be more desirable, and steps were taken to ob- 
tain the approval of the Evansion authorities 
for reinforced-concrete superstructure At the 
same time, the city developed a sentiment for 
Wider subways than specified in the first ordi 
nance. The railway had found that the bridges 
over streets which required long clear spans 
were more costly per lineal foot than the bridges 
over wider streets which allowed piers in the 
middle of the roadway, and also that the former 
would not permit the use of deck slabs (scheme 
A-1). Consequently, when the city suggested a 
new schedule of subways, including some wider 
streets with middle piers, the company agreed to 
the change. An amendment to the original ordi- 
nance was passed in February, 1909, permitting 
the use 


of reinforced-concrete bridges and con- 
taining the revised schedule of subways, as in 
Table II. 

The new subway bridges had shorter spans 
throughout than the bridges for which the orig 
inal estimates were made, and investigation 
showed that the saving in grade in favor of the 
concrete bridges was reduced on account of the 
new conditions, which required slabs through 
out. The other advan 
tages of concrete bridges 


Base of Fai! 
s 

t a 

were greatly enhanced, au 


could not be foretold All work was designed for 
Cooper's E-50 loading. 

FOUNDATIONS.—In order to determine the 
‘onditions, test pits were dug and wash borings 
made at each crossing. The pits were carried 
down only far enough to ascertain the depth ta 
ground water, and the kind and condition of the 
upper strata The wash borings were made to 
i depth of nO ft in some cases, a Y in pipe 
within a 2-in. casing pipe being used. These 
showed varying strata of sand and gravel, with 
some quicksand. Intermediate pits showed that 
foundation conditions varied more or less uni- 
formly from one end of the work to the other. 
on the basis of this information, natural foot- 
ngs were used at 1% to 2 tons per sq. ft. for 

bridges at Greenleaf St. and all streets 
south, and pile foundations were used north of 
this crossing. A bearing on piles of 12 to 16 
tons was allowed. The design of the foundations 
i described below. The carrying of columns 
down to bed rock or into firm clay on concret 
cylinders was considered, and found to be un 
warranted by the conditions 

GENERAL LAYOUT.—Fig. 6 shows the Chi 
cago Ave, subway bridge as built This is typ 
ical of the bridges throughout the track eleva 
tion. This subway is on a skew of 18° 34’ and 
has two 10-ft. sidewalks and a 40-ft. roadway 
A middle pier divides the roadway into two 


channels. Curb piers are allowed within the 
sidewalk space. The face of the abutments and, 
wing walls is on the street line. The elevation 


vf the sidewalks at the curb line is the same as 
that of the crown of the street and the side 
walks slope \4-in. per ft. upward toward th 
abutments. 

The requisite massiveness of the bridge, due to 
the heavy loading and the nature of the ma 
terial employed, limited the architectural treat- 
ment to the simplest lines. The slabs which 
carry the tracks over the various openings be- 
tween the abutments and piers are provided with 
parapets of uniform depth and width over the 
entire crossing. The surface of the parapet is 
relieved by simple rectangular recessed panels 
The abutments are of heavy construction and 
give the effect of solidity to the end supports. 
The piers were designed to provide the neces 
sary size and at the same time create an im- 
pression of lightness and gracefulness which 
would relieve any tendency toward a tunnel-like 
appearance in the subways. The widening of 
the piers below and above the columns, and the 
introduction of the curved brackets, have an 
idvantage from a structural as well as an es- 
thetic standpoint. The general appearance of 
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however, because such a 
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LOADING.—The stand- f hdd Ls shddidid 
ard loading for perma- 
nent work on the C., M. Half Side Elevation 


& St. P. Ry. (east of the 
Missouri River) is Coop- 


tion was raised as to 
whether lighter loading 
might not be considered on the Evanston Divi 
sion, as the loading consists of electric trains 
and freight engines; the engines being equivalent 
to about E-40 loading on spans of 10 to 20 ft 
There was a possibility of the future use of elec- 
tric locomotives for passenger trains Conse- 
quently, estimates were made on three types of 
loading: Cooper’s E-50 and E-40, and a 100 
ton electric locomotive similar to the New York 
Central Ry. type. A typical subway bridge was 
chosen and the costs for the bridge under these 
three loadings were estimated to compare as 100, 
96 and 96, respectively. 

An inspection of these relative costs showed 
that it would be decidedly poor judgment to de- 
sign such permanent work for light loading, es- 
pecially when future changes. in rolling stock 


Cross Section 


ers E-50. The ques- fig 5. ALTERNATIVE DESIGN FOR SUBWAY BRIDGES (GIRDER I- 


BEAM DECK SPANS ON STEEL BENTS); C., M. & ST. P. RY. 


the completed subway bridges may be seen from 
Fig. 7. 

DESIGN OF PIERS.—There are three piers for 
each subway, except at Mulford St., which has 
only one span over the roadway. The side or 
curb piers are placed with the outer face 6 ins 
ehind the curb line, and the middle piers are 
placed on the center line of the roadway. The 
details of the Chicago Ave. piers are shown in 
Fig. S In general, each pier consists of four 

Jumns supporting a cross girder and carried 
by a footing girder which distributes the load to 
a footing slab. 


The top girder, capping the columns, is given 
in arched form and figured as a continuous 
beam. The arches provide curved brackets 


which stiffen the columns laterally and which 
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rive 
Rive 


depth to 
shear. 


the beam at the points of great- 
There two l-in. bars in the top 


of the girder running the full length of the pier, 


est 


are 


with 1:2:4 for the 
bars were used. 
ABUTMENTS.—The 


columns. Square corrugated 


abutments are of the or 


























and an additional pair of l-in. bars over each dinary massive plain concrete construction, of 
column, bent down to assist in taking care of gravity section above the footing, and have suf- 
web stresses. There are four l-in. bars in the ficient width of footing to keep the pressure 
bottom of the beam running the full length of within the allowable limit. Reinforced concrete 
the pier Six to eight %-in. square stirrups abutments were not considered because it was 
bent in W shape are placed in the beams be- expected that this work would be done during 
tween columns, and three such stirrups in each freezing weather. The abutments were figured 
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FIG. 6. ADOPTED DESIGN FOR SUBWAY BRIDGES ON THE EVANSTON TRACK ELEVATION; 
CHICAGO, MILWAUKEE & ST. PAUL RY. 


side cantilever. The curved brackets are rein 
forced by pairs of l-in. diagonal. bars. 

The top girders are made 6 ins. wider than 
the columns; this makes their width 24 ins. in 
all cases, except 30 ins. at the middle pier at 
Davis St. The depth of the beam at the crown 
of the arch varies from 18 ins. to 24 ins. The 


ends of the cantilevers are cut off perpendicular 
to the center line of the pier and the concrete 
slabs are allowed to project beyond the extreme 
corner, which gives a better appearance and a 
more satisfactory detail than would be obtained 
if the ends were made parallel and flush with 
the slab parapets. The arrangement adopted 
eliminates the sharp corner and warped sur- 
face. 

The column shafts from the springing line of 
the top arches to the top of the base or pedestal 
vary in height from 6 ft. to 7 ft. 3 ins. The 
top of the base or pedestal is 1 ft. 11% ins. 
above the top of the curb or crown of the street. 
In the curb piers this pedestal has its horizontal 
dimensions 6 ins. greater than the column shaft. 


In the center piers the pedestals are replaced 
by a continuous base or wheel-guard with a 
starling at each end. 

The columns are reinforced with about 1.5% 
of steel, consisting of l-in. vertical bars held 
in place by ties of %-in. bars spaced 12 ins. 
vertically. The main column bars extend from 
the construction joint at the level of the crown 
of the roadway to the top of the top girder. 
Each of these bars is wired to a footing bar 
which extends from the bottom of the footings 


to a height of 4 ft. 6 ins. above the construction 
joint, thus furnishing reinforcement 
from the bottom to the top of the piers to pro- 


continuous 


vide for any bending moment. The concrete 
columns are 18 ins. wide perpendicular to the 
center line of the roadway, except that in the 
center pier at Davis St. they are 24 ins. wide. 
The curb columns are either 18x20 ins. or 18x22 
ins.; the center pier columns are 18x24 ins. At 
Davis St. the curb columns are 18x24 ins., and 


the center columns are 24 ins. square. The maxi 
mum’ stress on the column section is about 490 


in.., including 
> 


Ibs. per sq. impact. 

A footing beam 27 ins. deep distributes the 
load of the columns to the footing slab. The 
top of his beam is reinforced by “%4-in. bars ex- 
tending the full length of the pier, and a num 
ber of %-in. stirrups tie it to the footing slab. 
This slab is 50 ins, deep and varies in width ac 
cording to the bearing area required to keep 
within the allowable unit pressure on the founda- 
tions. It is reinforced by transverse l-in. bars 
Four to five %-in. bars are placed longitudinally 
in the bottom of the footing to provide for pos- 
sible inequalities in pressure brought about by 
variations in the foundation conditions, and to 
take any negative moment which might occur 
indirectly beneath the columns or in the side 
cantilevers. 

The concrete for the piers is a 1:2%:5 mixture, 


for earth pressure (according to Rankine’s the- 
ory) for a live load surcharge of 10,000 lbs. per 
lin. ft. of track spread over a width of 13 ft. and 
for the reaction of the slab spanning the side- 
walk. 

The design without piles is shown in Fig. 6. 
The north abutment at the Chicago Ave. subway 
is 21 ft. 6 ins. high from bottom of footing to 
base of rail, and has a base of 14 ft. 6 ins., 
making a ratio of base to height of 0.67. .%he 
footing has a toe projection of 5 ft., reinforced 
by l-in. bars. The step is added to keep the unit 
shear low and make shear reinforcement un- 
necessary. Fig. 9 is a cross section of the north 
abutment at Church St., which is on piles. The 
row of piles are so spaced that the load on the 
front and rear rows will not exceed the allow- 
able bearing value for the maximum and mini- 
mum lateral forces, respectively. For average 
conditions the bearing on all piles is practically 
the same. 

A seat is provided near the top of the abut- 
ments for the sidewalk slabs. On either side of 


The wing walls are carried out along th 
street sufficiently far to prevent the slopes fron 
encroaching on the sidewalks. The tops of th 
wing walls are sloped down 1 in 1% to a heigh 
of 7 ft. above the ground and are then carrie 
level to the end to match the 7-ft. fences. Al 
abutments are designed with a view to provid 
ing for a future third track. The footings ar 
built to the full width on the side upon which 
the future track will come and the wings are 
stepped down in such a way as to make the addi 
tion of future network practicable. 

DESIGN OF SLABS.—Each track 
over each span by a single reinforced-concret: 
slab about 138 ft. wide. The roadway open- 
ings at Davis St., however, are spanned by two 
slabs per track, as described later. As all of 
the subway bridges are on a skew, the slabs 
take the shape of parallelograms with their sides 
parallel to the direction of the track and their 
ends parallel to the center line of the street 
The outside parapets of the track slabs are car 
ried up to the level of the base of rail. The 
faces of the slabs are paneled as shown in Figs 
6 and 7. The inside parapets are made 
and merely serve as curbs for the gutters. 

The slabs are designed for a live load equiva- 
lent to Cooper’s E-50 loading, plus impact, and 
for the dead load of track, ballast, and concrete. 
It was assumed that the entire load would dis 
tribute over the full width of 13 ft. The pres- 
ence of 15 to 28 ins. of ballast and the transverse 
reinforcement, as well as the large ratio of the 
thickness of the slabs to their width, makes 
this a safe assumption. The longitudinal ten- 
sion reinforcement consists of a double row of 
l-in. bars laid in a direction parallel to the 
track and spaced as shown in Fig. 8. The shear 
reinforcement consists of %-in. U stirrups, as- 
sisted by the bent-up ends of a number of the 
longitudinal bars. The transverse reinforce- 
ment consists of %-in. bars spaced as shown 
Inverted U-shaped stirrups for handling are em 
bedded at each end, parallel to the track, and 
passing through the center of gravity of the 
slab. A rectangular depression around these 
stirrups gives roon for the lifting device. The 
ends of the stirrups are bent horizontally for a 
distanre of 1 ft. Seven %-in. bars placed trans- 
versely in both the top and bottom of the slabs 


is carried 


low 

















FIG. 7. REINFORCED-CONCRETE SUBWAY BRIDGE AT LAKE ST., EVANSTON; C., M. & 
ST... (P.. RY. 
this seat the abutments are carried up level at each stirrup take care of cross-bending 


with the tops of the slab parapets and base of 
rail. The abutments which adjoin those of the 
Chicago & Northwestern Ry. subways have a 
slight batter on the front face and a coping un- 
der the bridge seats, in order that the structures 
for the two railways might be similar. The 
abutments for the other subways are made with 
vertical faces and without coping. 


stresses which occur during the handling of the 
slabs.* 

The roadway slabs 13 ft. wide vary in thick- 
ness from 2 ft. 5 ins. to 3 ft. 5 ins., making the 
thickness of the bridge floor from bottom of the 








*The slab spans of the Illinois Central Ry. track ele- 
vation work were illustrated in our issue of Aug. 6, 
1909 d 
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slab to base of rail from 38 ft. 8 ins. to 4 ft. 10 
ins. The sidewalk slabs vary in thickness be- 
cween 18 ins. and 19 ins. The roadway slabs 
are given a crown of 2 ins. under the center line 
of track, which provides for a gutter at each side 
with a minimum depth of 2 ins. These gutters 








Jonstruction of Subway Bridges. 
PIERS AND ABUTMENTS.—The building of 
the piers and abutments was difficult on account 
of the narrow right of way (in some cases only 
40 ft.), the frequency of the electric trains on 
the double-track line, and the presence of the 
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FIG. 8. DETAILS OF REINFORCED-CONCRETE SLAB SPANS AND PIERS FOR SUBWAY 
BRIDGES. 


are sloped from the center line of the bridge 
toward the abutments. The sidewalk slabs are 
sloped 3 ins. between the curb piers and the 
abutments. This arrangement provides for 
draining the entire bridge floor in each direction 
from the center line of the street over the back 
of the abutments. The joints between the side- 
walk and roadway slabs are to be sealed and 
waterproofed in such a manner that the water 
will pass over them. The section shows the ar- 
rangement of slabs and direction of drainage. 
The roadway slabs at Davis St. have an over- 
all length of 27 ft. 6 ins., and it was found that 
a single slab 13 ft. wide would be too heavy to 
handle; consequently, two slabs were used, each 
6 ft. 6 ins. wide. <A difficulty was encountered 
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Fig. 9. Abutment on Pile Foundations. 


in the design of these slabs due to the fact that 
the resultant of the live load does not pass 
through the longitudinal center line of the half 
slab. On account of this fact the intensity of the 
reaction near the inner edge was increased, mak- 
ing it necessary to provide for a greater moment 
at this edge than at the outer edge. This varia- 
tion of moment was taken care of partly by 
varying the cross section, partly by varying the 
per cent. of reinforcement, and partly by adding 
compressive reinforcement. 


overhead trolley wires. The trains were oper- 
ated at 10-minute intervals for the greater part 
of the day and night, the only respite being be- 
tween 2 a. m. and 5 a. m., when the interval 
was increased to 1 hour. 

All excavation, driving of foundation piles, and 
placing of concrete footings was done, so far as 
possible, before the construction of the false- 
work bridges and before the raising of the grade. 
The track was carried across the pits on wooden 
stringers. The foundation piles were of oak or 
tamarack 24 to 30 ft. long. The standard track 
driver was empioyed and it was necessary to 
operate the trains single track while the driver 
was in position to work. The trolley wires were 
thrown aside as much as possible and the inter- 
fering span wires removed. Two pile-drivers 
were used, and day and night shifts were kept 
busy. The night crew drove the piles farthest 
from the center line of track, because in driving 
these the driver interfered with both tracks. 

Pile trestles were put in over all crossings to 
carry traffic during the erection of the forms and 
the placing of the con- 
crete for abutments and 





3x6 ' 
piers. ‘Girt 3---> 
It was found imprac- a a s 
M ‘. x7 etd 
ticable to use sectional CLof & 
forms for the piers to Pier ehbe A 


the extent planned, and 
only the forms for the 
column shafts and the a 


Cove Mould 





were beveled at the top for the 3-in. offset to 
the top girder, and also afforded support for the 
arch centers. 

The arch centers were made up of solid semi- 
circles of 2-in. lumber. The 1x2-in. lagging was 
made just long enough to fit between the forms 
for the faces of the pier. The reverse curves at 
the ends of the piers were cut from 2x12-in. 
boards and were nailed to the inside of the side 
forms to support 1 x 2-in. lagging. Cleats were 
nailed across the tops of the pier forms to sup- 
port the reinforcing bars in the top beam and to 
keep the forms from spreading. 

All steel was wired into place before the con 
crete was poured. A loose board was left at the 
bottom of each column to make it possible to 
inspect and clean out the form before placing 
concrete. To remove the forms it was only 
necessary to take off the side girts and the cen- 
tering for the reverse curve cantilevers, after 
which the sections could be peeled from the face 
of the pier. 

Forms for the abutments were of the Bridge 
& Building Department’s standard type for such 
work, consisting of 2x8-in. form lumber support- 
ed by 3x6-in. posts spaced about 24 ins., which 
in turn were braced by double 3x6-in. girts. The 
forms were tied across by form bolts and No. 10 
wire. 

Two alternative methods for the concreting 
plant were considered: (1) a mixer set up on the 
ground to handle material dumped at the site, 
and (2) a concreting train. The first method 
proposed would make construction less dependent 
on train service and would obstruct the track 
only during the unloading of material. Its dis- 
advantages, however, were numerous; the equip- 
ment could not be used continuously, the con- 
crete would have to be raised with a derrick or 
wheeled into position, and at many points the 
right-of-way was hardly wide enough to provide 
sufficient space for the accommodation of the 
plant and material. 

The method of concreting direct from trains 
was adopted. To permit this, both facing and 
trailing switches were put at convenient inter- 
vals. With this arrangement either track could 
be used over the various crossings and all trains 
were operated single track through the block 
while the mixer was in use. A pilot and switch- 
man were used to handle trains through the 
block, on account of the fact that there was no 
dispatching system. There were three concret- 
ing trains operated. The mixers were mounted 
on flat cars in such a position that the discharge 
just cleared the end of the car. The cars of ma 
terial averaged three cars of stone, two cars of 
sand, and one car of cement, following the mixer 
in the order named. An old locomotive boiler 
was mounted and hauled in the rear of the train 
during winter months to furnish steam for heat- 
ing concreting materials. 

Both chutes and wheelbarrows were used in de- 
positing the concrete. The use of chutes was 
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centers for the arches Column. 
were designed to be inter- £7 7% 


Form for Slab Ene News. 


changeable. The sheet- FIG. 10. FORMS FOR CONCRETE COLUMNS AND SLABS. 


ing for the column bases 

and the top girders was built in place. All sheet- 
ing was placed with joints horizontal and was 
composed of 2x8 in. lumber. Fig. 10 shows the 
details of the form for one column. The sec- 
tions parallel to the side of the pier were made 
3 ft. wide and braced by 3x6-in. vertical studs, 
and by horizontal girts running the full length 
of the pier. The sections for the column sides 
perpendicular to the face of the pier were made 
of the exact width of the column and fitted in 
between the side sections. The sheeting for 
these sections was nailed to 3x6-in. posts, which 
were offset at the bottom from shorter posts 
supported on the footing girder. The top posts 


found to be the least satisfactory for piers be- 
cause it required the train to be spotted at each 
pier in turn. The use of wheelbarrows made it 
possible to concrete all of them at the same time, 
thus permitting the use of a larger crew and 
doing away with considerable switching and de- 
lay. 

CONSTRUCTION OF SLABS.—The slabs were 
molded in the Howard Ave. yard at the south 
end of the track elevation, an average of one 
mile from their place of erection. The ground 
on the site was first leveled and second-hand 
12 x 12-in. or 8 x 16-in. sills were laid and driven 
to a uniform bearing with a 45-lb. sheet pile 
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pounder. A floor of 2 S-in. planking was laid 


on the sills, and the whole carefully leveled with 
an instrument. The 


slabs were cast to bring 


the direction of the span parallel to the joints in 
the floor. 

The forms for the face of the slab parapet were 
made up of 3 G-in. posts 5 ft. high and spaced 
“4 ins ipart, sheeted with 2 S-in. planking, 
which extended within 12 ins. of the top of th 
osts The forms for th ’ 1 ba were 
made of 3 i) {S-in. posts spaced 24 ins nd 





ty 65 Ton Slab 


Derrich Car 4b 


100 Ton Stee 


FIG. 11. 


The 
timbers 


forms 
to the 
were 


l-in. boards side 


S-in. 


sheeted with were 


braced to 6 spiked 
The 
ngest 


pro 
sides made 


but 
ich 


the sills. 
the lk 


slabs as well; e 


jecting end of 


long enough for slab, were used 


and end 


moved 


for the shorter side 


was built as a complete section and from 


place to place on a push car. It was found pos 
about 12 times, after 
renewed. The old lum- 


abutments 


sible to use each section 
sheeting 
for 
and for sheet piling. 

Pairs of 


Which the was 


ber was used backs of walls and 


the side forms 
and a 2 x 8-in. or 3 

the 
form, 
carried 


posts in were directly 
6-in. plank 


sheeting. 


opposite, 


spiked to 


was 
their sides above These 
stiffened the 
for the reinforcing 
the back of the parapet, 
ways for the wheelbarrows. 
details. 
1 x 4 in. 
parapet form to produce the 
the of the finished slab. 
The reinforcing bars and stirrups for the track 
slabs were cut to the proper length and bent to 


timbers 
port 
for 


entire afforded sup- 
forms 


run- 


the 
sustained 


bars, 
and 
Fig. 10 shows these 
S8-in. lumber and 
the the 


recessed panels in 


Blanks made up of 1 


cleats were nailed to inside of 


face 


the required shapes at the yard. They were 
hauled to the forms on a push car and wired 
into place. The lower longitudinal bars were 
first laid on wooden blocks at the required dis- 


tance from the top of the floor, cross bars were 
next placed and wired to the longitudinal bars to 


ict as spacers, and finally U-stirrups 


‘ were 
hooked under the longitudinal bars at the bottom 


ind supported by wire from the top cross pieces 
of the form. After all bars had been hung from 
the form in this manner, the small blocks were 
removed and the concrete was poured. 

The concrete mixer discharged into a hopper 
with a gate at the lower end, and each work 
man loaded his own barrow by lifting this gate. 


The mixer was spotted each day in the most con- 
venient location relative to the be con- 
creted in that day’s work. When the form had been 
filled to within about 4 ins. of the top, the sup 
porting wires were cut and pushed down into the 
concrete in order that the slabs might be finished 
to the required surface. 


slabs to 


ERECTION OF SLABS.—The problems _ in 
volved in the erection of the slabs were the 
transportation from the seasoning yard to the 
respective bridge sites, and the placing of them 


in their final position, with the least possible in- 
terference with traffic. The first idea 
was to transport the slabs on flat cars and place 
them with a derrick car or wrecking crane. The 
company had a number of 100-ton wrecking 
cranes and a number of 30-ton to 50-ton derrick 
and it was found that the sidewalk 
slabs could be handled readily in this way.* 
The roadway slabs, however, averaged about 
65 tons and needed special consideration 
The of a 100-ton wrecking crane was con- 
sidered first. The slabs were to be handled by 
means of a triangular toggle frame attached to 
the stirrups embedded in the concrete. The 
frame consists of a channel strut and two pairs 


passenger 


cars available, 


each, 
use 


*Some derrick cars of the C., M. & St. P. Ry. were de- 
scribed in our issue of June 24, 1909.—Ed. 





/ Flat for < 
flat car a 


of eyebars which extend from the ends of the 
strut to a pin over the middle of the slab. This 
device is used by the Bridge and Building De- 
partment in the erection of concrete trestle 
slabs. The use of the device requires a reach on 
the part of the crane equal to at least half the 
length of the slab, and this reach could not be 
odtained in this case without a considerable out- 


haul and alteration in the body of the car. 
The next scheme involved the use of a derrick 
car at each end of the slab. The cars were to be 
el Tat ee eh 
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ELEVATION OF TRAIN USED IN TRANSPORTING AND ERECTING THE REINFORCED-CONCRETE 
& St, P. RY. 


TRACK ELEVATION BRIDGES; C., M. 


spotted at each side of the span and the slab 
wis to be brought up on the second track and 
lifted from the flat car into place. This plan 
would interfere with traffic on both tracks to an 
undesirable extent and would require an exces- 
sive side lift or reach, with the accompanying 
rneeessity for blocking the outriggers and guying 

» towers. 

A scheme for bringing the slab to the bridge 
site between derrick cars and on the same track 


alternative and found to be 
but far from satisfac 
tory. At this junction erection device 
suggested by Mr. C. F. Loweth which eliminated 
all the uncertainties accompanying derrick car 
erection. 

This device is 11 and consists 
of a 75-ft. (taken from stock 
and temporarily available), mounted on two 100- 
ton steel flat cars. The cars are spaced to per 
mit the slab to hang between them when at- 
tached to the girders, and are provided with a 
timber deck of 8 16-in. timbers se- 
curely cross braced and bolted to the car body. 
Transverse to this decking two 12 x 12-in. 
bolsters carrying plate upon which the 


as suggested as an 
etter in some respects, 


an wis 


shown in Fig. 


plate-girder span 


special 


are 


a bearing 
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Fig. 12. Arrangement of Tackle for Suspending 


and Placing Concrete Slabs. 


bearing plate and timber bolster of the girders is 
placed. <A king pin was passed through both 
plates and bolsters and the plates were kept well 
greased to permit of turning. The train pull 
transmitted the girders to the cars 
by means of a special lower lateral system which 
provided a pin plate to receive the king pin. 
Fig. section of the and 
shows the method of supporting the slabs. Two 
pairs of 8 16-in. needle beams spaced 8 ins. 
apart, and carrying a wooden block with hook, 
spanned the girders. Each end the concrete 
slab was suspended from a set of these beams by 
tackle made up of two four-sheave blocks and 


was from 


12 is a cross 


girders 


of 





- 100 Ton Steel Flat Car a> K 


nine parts of %-in. wire cable. Two derrick cars 
were coupled to the train, one at each end, and 


the lines supporting the two ends of the slab 
were controlled by the respective derrick car 
enginemen. 


The procedure in placing the slab with this de- 
vice was as follows: The slab was jacked up and 


placed on girder carriages mounted on rails. 
After the erecting train had been properly 
placed, the girder carriage track was extended 


across the main track, and the slabs were rolled 





Derrick Car - 


SLAB SPANS OF THE EVANSTON 


underneath the girders, lifted, and 
carried to the bridge site.. The train was spotted 
in a position which would bring the slab directly 
above its final bearings, the track was removed, 
the falsework was torn out, and the bridge seats 
were prepared with a stiff cement mortar. When 
all was in readiness the slab was carefully low- 
ered into place. By making the mortar of the 
right consistency and thickness, and by raising 
and lowering the slab a few times, it was found 
possible to bring the thickness of the bed to the 
required dimension and to line up the adjacent 
slabs in a very satisfactory manner. Fig. 13 
shows the placing of the northwest roadway slab 
at Washington St. 


connected, 


Retaining Walls. 

The right of way through Evanston varies in 
width from about 40 ft. to about 115 ft. The 
two tracks were elevated to an average height 
of about 17 ft. above the surface, and provision 
was made for the future addition of a third 
track. With these conditions, it would have been 
necessary to build a retaining wall along at least 
one side of the right of way for practically the 
full length of the track elevation, if it had not 
been for the fact that the right of way adjoined 
that of the C. & N. W. Ry. for a large part of the 
distance. The two railways entered into an 
agreement by which the space between the 
shoulders of their respective embankments was 
to be filled to the level of the tracks, and the 


cost of about 8,000 ft. of full height retaining 
wall saved to each company. 
DESIGN.—There is about 4,500 ft. of retain 


ing wall, the ,walls varying in height (above 
the ground surface) from 3 ft. to the full height 
of the embankment. With a few exceptions, the 
walls were of the ordinary plain concrete gravity 
section similar to the abutments, on account of 
conditions beyond the control of the designer. 
tankine’s theory of earth pressure was used in 
designing for the lateral forces. The effect of 
the live load surcharge was calculated on an as- 
sumption of vertical spread through the embank- 
ment. The maximum toe pressure was limited 
to 15% tons per sq. ft. As a rule the walls were 
constructed in alternate sections approximately 
25 ft. long, the construction joints being marked 
with a V groove. The appearance is improved 
wherever possible by the addition of a coping 
and rectangular recessed panels. In cases where 
it is desired to provide for a future increase in 
height which might be made necessary by the 
shifting or addition of tracks, the design of the 
footings was modified and a heavy step is added 
to the back of the neat work in order that any 
future extension will require a minimum of exca- 
vation and give the greatest stability to the final 
wall. 

There were a number of inclined teamways re- 
quired by the Chicago & Northwestern Ry. ad 
joining the right-of-way and at these points it 
was necessary to build retaining walls. These 
teamways are on a 5% grade, making a total 
length of about 265 ft. of wall in each case. As 
the C., M. & St. P. Ry. found it necessary to 
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embankment 
teamway was 
natural 


place its 
made, a 


ground and capable 


elevation of the 


before 
wall 


( 


the 
founded on the in a 
sustaining the 
embankment without front support, was required. 
With the teamway in place the difference of the 
two sides, and 
therefore the overturning moment, for that part 


»f 


earth on the 








FIG. 13. 


of the retaining wall at the 


upper end 


small, and the lower part of the 


buried and useless. 


On account of this fact the 


design shown by 
Figs. 14 and 15 was adopted as the most econom- 
ical under the circumstances 


This provides a 


fill for the 
satisfactory 
tinuous. The panels are % ft. 
and 3 ft. 6 ins. apart. 





monotony of the long stretch of concrete 
manner The copin 
long by 


surface 
is con- 


ft. high, 


CONSTRUCTION.—The form work for retaining 
walls was of the railway’s standard type as de- 
scribed in connection with the abutments. 


There 








SUBWAY. 


would be 


forms by the usual outside 
cases the rather unusual expedient 


full height solid gravity retaining wall to a point The concrete for retaining walls 
90 ft. from the summit of the teamway. The 


wall beyond this point consists of a curb coming 
3 ft. below the final surface of the teamway and 


supported on buttresses. The 


piers and was made of a section sufficient to give 


it stability in itself. 
their footings 
entire structure when 
back-fill before the teamway 


dations. The cross section, 


under 


curb 
inforced as a beam to carry its weight between 


were proportioned 


The buttresses or piers and 
to 


the 


Fig. 


fore the teamway was in place. 


wall was re 17) designed by the Bridge and 


partment for this special purpose. 


handle and a system of levers. 


Stations. 
There are 
elevation, as shown in Fig. 1. 


Base of fail 





were several cases, however, where 
wall would be of the tracks made it impossible to support 

In 
was adopted 
of tying the side forms to bolts embedded near 
the opposite edge of the concrete footings. 


braces. 


some 


stiff-leg derrick mounted on a flat car 
creting train and carrying a concrete bucket (Fig. 
Building De- 
A sliding dis 
charge gate at the small end is controlled by 


discharged is shown by dotted lines. 


four passenger stations 
They 
%-mile apart. The narrow right-of-way and the 
lack of space at the level of the elevated tracks 


PLACING A REINFORCED-CONCRETE SLAB SPAN OF THE WASHINGTON ST. 


location 
the 
these 


tance from the track was placed by means of 
of the con- 


The position of 
sustain the the levers and the gate while concrete 
action of the 
was in place with- 
out exceeding the allowable pressure on the foun- 
15, taken be- 
tween the two piers nearest the upper end of the 
teamway, shows-the details of the curb wall and 
buttress, the relative elevations of the track and 
teamway and the position of the slope line be- 


is being 
This bucket 
proved especially convenient in discharging 
narrow openings, and was easily controlled 


into 
the track 
are about 


dis- 





were: (1) smaller floor area required than for two 


independent platforms, (2) less difficulty in pro 
viding shelter, (3) no hand-railings required, and 
(4) shorter subways and fewer stairways needed 
They presented 
they 


several distinct disadvantages; 
required the spreading of the tracks (with 
width of 


permitted passengers to 


four reverse curves and an additional 
embankment), and they 
change to cars running in an opposite direction 
without paying for the return trip Platforms 
located outside of the tracks had none of thes: 
disadvantages, and were adopted. 
Miscellaneous Work. 
PAVING.—The grading and paving of the sub 
ways and their approaches were done by contract 
under the 
Depart- 
ment. The streets were paved with brick The 


in accordance with the specifications, 


supervision of the Bridge and Building 


subgrade was prepared by removing all rubbish, 


excavating and filling where necessary, and com 
pacting by a roller. Upon a 6-in. layer of 1:3:7 


limestone concrete was laid a 2-in. cushion of 


sand for the brick. The brick was brought to the 


face of the concrete curbs, a combination con 
crete gutter not being considered desirable. The 
curbs were 6 x 356 ins., and were placed around 


the center piers as well as on both side of the 


street. They were rounded to a 6-ft. radius at 
street intersections and to a 3-ft. radius at alleys 
The sidewalks were made up of a 3\%-in. layer 


of concrete with a 4-in. finishing coat of 1 to 1 
mortar; the whole was laid on a 7-in. layer of 
sand. Expansion joints were provided at 40-ft 
intervals. 

FILLING.—The actual track 
gun in the spring of 1909 and was carried on by 
facilitate the 
a temporary yard was built 


raising was be 
the engineering department To 
handling of material 
at Howard Ave., and the engines on the work 
usually remained in this yard at night, thus 
eliminating delays due to late arrival of motive 
power. Side-dump cars were used and all ma- 
About 300,000 cu 


yds. of material was used for the entire work 


terial was unloaded by hand 


It consisted of sand and gravel hauled from the 
Fox Lake region 

The scheme of raising tracks was according to 
the usual method One track at a time was 
thrown out of 


material 


service, cars were 


emptied, the 


leveled, and the tracks raised 
about 6 ins. to 8 ins., ready for the next load of 
filing. When the difference in elevation of the 


two tracks became about 2 or 3 ft., the traffic 


were 


was shifted and the low track raised 
Owing to the narrow right-of-way the problem 
of raising the tracks at some places was quite 
complicated, where 
left for walls which could net be 


especially space had to be 
completed be 
fore the elevation was begun At such points a 


work 


system of bulwarks was employed. The 


over Main St. is typical Retaining walls were 
required on both sides of the right-of-way north 


of Main St. and on the west side south of Main 
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The ordinance required a concrete wall or fence 
7 ft. high for a distance of about 1,560 ft. along at the street 
described more fully in a later issue. 

Platforms from 225 to 240 ft. long, sufficient to 
provide for six-car trains, were required. 
were to be located on tangents, and the stairways 
leading to them placed as near as possible to the 


Chicago Ave., where the C., 


line. 
on the 
track. 


grade and the 
From 


viding for the T-ft. height 
dinance. The coping and 


M. 


14. 


position 
Madison St. south 
team tracks parallel to Chicago Ave., rising on a 
grade of 0.5%. Fig. 16 is a cross section on the For the location of the platforms two 
wall at this location, showing the method of p¥ro- 
required by the or- 
paneling 


& St. P. 
permitted to extend its right-of-way to the curb 
This wall is of variable section depending 
of the 
there are two 





REINFORCED-CONCRETE RETAINING WALL FOR 


made it necessary t 


Ry. was 


nearest 
middle of the platform. 
plans 


native were considered; 


break the tracks. 


island 


» place the station buildings 
level. The station design 


will be 


They 


alter- 
platforms 
between the tracks, and platforms outside of the 
The advantages of the island platform 


ENG NEWS 


INCLINED TEAMWAY OR DRIVEWAY. 


St. The tracks were first raised about 4 ft 
the crossing and 


over 
temporary bridges put in to 
open for traffic. North of the 
crossing the west track was raised as high as 
possible without interfering with the operation of 
the east track. Then the east track was thrown 
out of service in its turn and elevated, and a 
falsework bridge was put in across the street. 
Piles were driven on both sides of the track 
north of the bridge for a distance required to 
prevent the slopes of the embankment from 
blocking the west track and northeast wall lo- 


keep the street 
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cation. These side piles were from 22 to 30 ft. 
long and had from 10 to 18 ft. penetration. They 
were driven about 7 ft. c. to c. and old ties were 
thrown in behind them to retain the fill. It was 
found that after a time they began to spread and 
consequently were tied together by a number of 
strands of No. 10 wire running through the em- 
bankment just below the track. 


DRAINAGE.—The backs of abutments and re- 





taining walls were not waterproofed. The fill 
was drained with 6-in. tile laid along the back of 
& 
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Fig. 15. Cross Section of Retaining Wall for 
Teamway. 
the walls, one drain served for retaining walls, 


but two lines were laid behind abutments, one 
near the bottom and one near the top. Tile pipe 
laid between the tracks drained the subgrade. A 
combination manhole and catch-basin with about 
3 ft. interior diameter was placed behind each 
abutment. All drains were carried into the near- 
est catch-basin, and the catch-basin in turn dis 
charged into the city sewers through a ¥Y-in. pipe. 
The subways are drained by suitable inlets which 
were in all cases located at some distance from 
the street intersections in order that the depth of 
gutter and the step at the sidewalk crossings 
might be as small as possible. The gutter grates 
were of the “Duplex” type. A catch-basin was 
located at each inlet and manhole in each 
subway. 

The design and 
bridges, retaining 
nected with the 
platforms, as 


one 


construction of the subway 
walls, concrete work con- 
stations, station buildings and 
well as the street paving and 
drainage for the entire track elevation work, were 
executed by the Bridge and Building Department 
of the Chicago, Milwaukee & St. Paul Ry., under 
the direction of Mr. C. F..Loweth, M. Am. Soc. 
Cc. E., Engineer and Superintendent. The filling 
and track work were done by the Engineering De 








partment. With the exception of a few minor 
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Fig. 17. Dumping Bucket for Delivering Concrete 


into the Forms, C., M. & St. P. Ry. 


contracts, all of the construction work was done 
by the Bridge and Building Department’s forces. 
The construction and design, respectively, were, 
in a general way, in charge of L. D. Hadwen 
and J. H. Prior; and were directly in charge of 
R. J. Middleton and of E. O. Greifenhagen, the 
latter being the author of this article. 


Relation of Typhoid Fever and Water 
Supplies in Illinois.” 
By EDWARD BARTOW. 

The typhoid fever death rate of the city of Chicago is 
lower than that of the lake cities of northern Indiana. 
This is evidently due to the superior character of the 
water supply of Chicago. All of these cities obtain their 
water supply from Lake Michigan, but the water-works 
intakes of the Indiana cities are near the shore and the 
water is shown by the Indiana State Board of Health to 
be seriously affected by the Calumet River through which 
the untreated sewage from a population of 500,000 people 
is emptied into the lake. The water supply of Chicago 
has been greatly improved by the extension of the intakes 
and by the diversion of the sewage through the drainage 
canal. Meanwhile the typhoid death rate of Chicago has 
fallen from 173 per 100,000 in 1891 to 15.6 per 100,000 in 
1908. 

A further reduction for Chicago seems possible, because 


water supplies have a death rate of only 7 or 8 per 
100,000. What is possible in the cities of Vienna and 
Munich, with mountain-top supplies, Frankfort and 
Dresden, with artesian supplies in. unquestioned soils; 


Zurich, Hamburg, Rotterdam and London, with prop- 
erly filtered water, should also be possible in Chicago. 
The city of Rockford, Ill., where the drinking water is 
obtained from artesian wells of unquestioned purity, 
has a typhoid fever death rate of only 7 or 8 per 
100,000. It therefore seemed that it would be interesting 
to determine the distribution of the typhoid fever 
throughout Illinois and thus learn in what parts of the 
state the greatest effort should be made to eliminate ty- 
phoid fever and to learn also whether the health of 
Chicago with respect to typhoid fever is more influenced 
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Fig. Concrete Retaining Wall and Parapet. 
by the typhoid fever throughout the state, or whether the 
health of the rest of the state is influenced by the ty- 
phoid fever in Chicago. 

When the study of 
published statistics 
bulletin of the 


this subject was begun 
were those for 1907, given in the 
State Board of Health. The typhoid 
fever death rate per 100,000 was calculated from the 
data there given. The unpublished statistics of the State 
Board of Health were placed at our disposal through the 
courtesy of the Secretary, Dr. J. A. Egan and the Reg- 
istrar of Vital Statistics, Mr. William J. Hoyt. From 


the only 


these statistics the typhoid fever death rates for the 
years 1904-5-6 and 8 were calculated. In making the 
calculations the population for each year, as estimated 
by Mr. Hoyt, was used. 


A study of the statistics shows that it is not advisable 
to draw definite conclusions from the death rate during 
any one year. In Putnam Co., for example, the 
death rate was 75 per 100,000 in 1904. There were no 
deaths in any other year. Putnam Co. is a small county 
so that a typhoid fever death rate of 75 per 100,000 was 


obtained from three deaths in a population of 4,000. 
The average for five years was 15. A high death rate in 
any one year may be due to epidemic conditions. For 
example, an epidemic at Streator, in 1907, due to an 
infected water supply, raised the rate of La Salle Co. 


for that year to 30 per 100,000. In the other four years 
the rate was so low that the general average was 16. 
The largest typhoid fever death rate is shown to have 
been in the southern part of the state. Only one of the 
51 southern counties had an average death rate of less 
than 10 per 100,000 for the five years. This county 
(Douglas) is on the line between the two sections and 
as will be shown later is in an area of low typhoid fever. 
Only two other counties *(Scott and Macoupin) have a 
rate below 15. That this average is not accidental and 
due to epidemics in any one year is shown by the fact 
that in only two counties was there a rate below 10 in 
three of the five years. In only three more was there a 
rate below 10 in two of the five years and in only 11 


*Abstract of a paper presented at the annual meeting 
of the Illinois Society of Engineers and Surveyors at 
Cairo, Ill., Jan. 26, 28. 

+Director of the State Water Survey, Urbana, III, 








counties did the rate go below 10 in any one of the 
five years. In the 51 northern counties, on the other 
hand, there are 13 with an average rate below 10, and 
10 more with an average rate below 15 per 100,000. Only 
12 counties did not have in one or more years a death 
rate below 10 per 100,000. 

In the southern half there are eight counties with an 
average death rate above 40 per 100,000 and 12 more 
with an average death rate above 30, whereas in the 
northern part of the state there is only one with an 
average rate above 40 (Cass), and this county will 
be shown later to be in an area of high typhoid fever; 
there is only one other having a rate above 3U. The 
figures show that 31 of the 51 southern counties had an 
average death rate above 40 in one or more years, 14 of 
these counties had a rate of more than 40 in two or more 
years, and four of these had a death rate above 40 in 
three or four years and two in four years. Of the north- 
ern counties only five had a typhoid death rate above 4u 
in one year or more and only two counties had a rate 
above 40 in two years. 

The studies have shown that the typhoid fever death 
rate is dependent to a considerable extent on the char- 
acter of the water supply. In that part of the state 
north of a line drawn from Quincy to Lake Michigan, 
the greater number of the municipal water supplies are 
obtained from deep wells which enter rock and obtain 
water which, from a sanitary standpoint, is of unques- 
tioned purity. In this section there are only three 
counties with a death rate above 25 and three more with 
a rate above 20 [between 20 and 25] and there are lv 
with a death rate below 10 per 100,000. 

In the east central portion of the state we find an 
area of glacial drift 100 ft. or more in depth. In part 
of this area the water supplies are obtained from deep 
wells which enter rock, but over half of the area has 
very few wells of this character because of the large 
amount of mineral matter in the water from the deep 
rock wells. The municipal water supplies in this sec- 
tion are obtained from deep wells which do not enter 
rock but which furnish a water supply of unquestioned 
purity from a sanitary standpoint. The low typhoid 
fever death rate in this section is due, therefore, to the 
satisfactory water supply obtained from these deep-drift 
wells. There are no counties located entirely within this 
area in which the typhoid fever death rate exceeds 20 per 
100,000. Not only can satisfactory municipal water sup- 
plies be obtained from deep wells in drift, but many 
farms and private houses are also supplied from such 
wells. 

It is interesting to note that the one county of the 
northern 51 counties which has a typhoid fever rate of 
more than 40 is located outside of the deep-drift area, 
and that the one county in the southern counties having 
a typhoid fever rate lower than ten is located within the 
deep-drift area. 

In the southern portion of the state it is impossible to 
use the water from the deep-rock wells for municipal 
water supplies because of the large amount of mineral 
matter which they carry. The drift is not deep enough 
to yield a sufficient supply of water for cities. The mu- 
nicipal supplies, therefore, must necessarily be taken 
from streams or reservoirs and the private supplies 
must be drawn from shallow wells, often of doubtful 
character. The municipal water supplies are as a rule 
taken from streams or reservoirs without filtration. In 
fact only 16 of the 60 water supplies obtained from 
streams, lakes or ponds within the*state have filtered 
water and only a few of the supplies in the southern 
portion of the state are filtered. It is claimed by the 
authorities in some of these towns that the water is used 
only for sprinkling, fire protection or for manufacturing 
purposes, but it is a difficult matter to prevent the use of 
such water for drinking purposes and it would be far 
better to furnish a filtered water than to allow the resi- 
dents in the cities and villages to rely on individual wells 
for their drinking water. 

It seems very probable that the high typhoid fever rate 
in the southern part of the state is due to a considerable 
extent to the lack of satisfactory general water supplies. 
Several communities are already considering the introduc- 
tion of filtered water and it is hoped that a better report 
of the typhoid fever conditions in the southern part of the 
state may be given in the near future. 

It is interesting to compare Macon and Sangamon 
counties. These are in the same latitude and contain 
large cities, Decatur and Springfield. The typhoid fever 
death rate of Macon Co. is 14 per 100,000, while that of 
Sangamon is 37. This is undoubtedly due to the fact 
that Macon Co. is within the deep-drift area and the 
water supplies for farms and private individuals can be 
obtained from deep-drift wells, whereas Sangamon Co. 
is outside of the deep-drift area and the farms must 
rely on the shallow wells for drinking water. Then, too, 
the city water supply of Decatur, in Mason Co., is 
filtered, whereas the water supply of Springfield, in San- 
gamon Co., is sometimes augmented by unfiltered water 
from the Sangamon River. 

The typhoid fever rate of Chicago does not seem to be 
materially increased by infection from the neighboring 
counties. There are, in fact, no counties within 100 
miles of Chicago which have a typhoid fever rate ma- 
terially higher than Chicago itself. 
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The Type Characteristic of Impulse Wheels 
and Its Use in Design. 


By 8S. J. ZOWSKI.* 
(Copyrighted, 1910, by S. J. Zowski.] 

A previous article by the author, entitled “A 
Comparison of American High-Speed Runners 
for Water Turbines,’’t gave the method of de- 
riving a characteristic called the Type Character- 
istic, by means of which a convenient classifica- 
tion and comparison of existing runners and 
runner types is obtained. In a second article, 
entitled ‘‘A Rational Method of Determining the 
Principal Dimensions of Water-Turbine Run- 
ners,’ the convenience of using the Type Char 
acteristic for computing new runners was demon 











Fig. 1. 


strated. Both articles, however, dealt with the 
radial inward-flow turbine only. But as the Type 
Characteristic renders equally good service with 
all other turbine classes, it is proposed in this 
irticle to investigate the impulse wheel in a 
similar way. 

The following notation will be used: 

d= the actual diameter of the jet.§ In this 
country only circular nozzles are used, 
therefore square jets will not be con 
sidered at all in this article, although 
such jets would not change the theory 
materially. 

D=the nominal wheel diameter, i. e., the 
diameter of the circle tangent to the 
center line of the jet, which circle might 
appropriately be called the “impulse 
circle.” Some engineers call this circle 
the “Pelton circle,’” in recognition of 
Mr. Pelton’s contributions to the de- 
velopment of the impulse wheel. 

ce the velocity of the jet.. 

v-=the peripheral velocity of the wheel, 
measured on the impulse circle. 

H the net head acting in the nozzle. 

H-P =the power of the wheel, in horsepowers. 

N =the rotative speed of the wheel, in revo- 
lutions per minute. 

Unless specified otherwise, the foot and the 

second are the units. 


Derivation of Type Characteristic. 
The jet velocity ¢ may be expressed in terms 
of the head as follows: 
c=f, V2gH (1) 
For nozzles of good design and workmanship, 


the velocity coefficient fe may be taken as 0.97. 
The discharge of the nozzle is 





wd’ eens 
Q@=— Fe V29H =63f.0@ VH (2) 
4 
The power developed by Q and H is 
62.420 H Y He 
H-P = —- —_ ¢ = ————— 
550 8.8 


where é€ is the wheel efficiency. 
By substitution we obtain: 
H-P =0.716 ef. @ H VH 


*Assistant Professor of Mechanical Engineering, Univ- 
ersity of Michigan, Ann Arbor, Mich. 

+Engineering News, Jan. 28, 1909, pp. 99-102. 

tEngineering News, Jan. 6, 1910. 

§This is not the nozzle diameter, but the actual di- 
ameter of the jet at the contraction, if there is one, or 
in any case at the minimum section. 





Substituting unity for H gives the power at 
head of one foot, or the specific power: 
H-P, = 0.7l6 ef. d= Kr @ (3) 
where Kr = 0.716 ef, (4) 
In determining the principal turbine dimen- 
sions, the wheel efficiency is generally assumed 
as 80%. Therefore we may substitute 0.8 for ¢, 
which with 0.97 for fe gives Kp = 0.5565. Solv 
ing eq. (3) with this value, we obtain a con- 
venient formula for figuring the required jet 
diameter. 


1 ) 
VH-P, =1.34 VH-P, | 

Kp t (5) 

16.1 V H-P, 


In feet d= 


or in inches, d 


K, = 72 and &K, 0.55635), we obtain for the 
type characteristic the simple formula 
d 
K, = 53.67 (12) 
D 
Thus the type characteristic of impulse wheels 
is a simple function of the ratio of jet and wheel 
liameter. Therefore, the determination of the 
limiting values of Ke for impulse wheels means 
the determination of the limits for the ratio 
d/D° with which reasonable efficiency may be ob- 
tained. 
Limiting Ratios of Jet Diameter to Wheel 
Diameter. 
It is obvious that there will be a certain 
maximum value for this ratio, because, going for 





The peripheral velocity 
of the wheel, meas- 


ured on the impulse 
eared 


v f, N2gH (6) 


3 


For polished or well- 
finished buckets the co- 
efficient may be _ taken 
as @0.485f-, which, with 
fe = O97 equals 0.47.* 
Since the rotative speed 
of the wheel, N, is equal 
to 60 v/7D, we obtain 
by substituting the value 
of v from eq. (6), 








1 
N 153.17 f, Vi 

D 
Putting H 1 in this 
formula we find the 


specific speed (speed at FIGS. 1-3. 
one-foot head) to be 
l ] 
Ni 153.17 fy, — = Kn (7) 
D D 
where Kn = 153.17 f, (8) 


For f, 0:47, Ku = 72.3 
Using this value in eq. (7), we obtain a con- 


venient formula for computing the required whee! 
diameter: 








Kx 72 72 NH 
D== — ee eee (9) 
N, Ni N 
The expression for the Type Characteristic is 
N VH-P 
k= -—— = NivV H-P, (10) 
HYH 


Substitute for N: and H-P, their values from 
eq. (3) and (7). This gives 


At d 
K, = Kn vV Ke — 
D 
d 
153.17 fy V 0.716 ef. — (11) 
D 


With fr = 0.47, fe = 0.97 and e 0.80 (or with 


*The value of fyV2g = 3.77 corresponds to the speed 
constant Ky = 4. to 7.006 for radial inward-flow 
turbines. 

+The corresponding value of Ku for radial inward- 
flow turbines is 87 to 154. 





Fig. 8 


RELATION OF BUCKET AND JET IN THREE DIFFERENT 
POSITIONS. 


instance to the extreme, a wheel diameter equal 
to the jet diameter, or d/D 1, would evidently 
be impossible to use. Therefore there will be a 
certain macimum value for Kt which cannot be 
exceeded by an impulse wheel using a single jet 

A minimum value for Kt does not exist, theo- 
retically, as the ratio d/D could be decreased to 
any desired amount. In practice, of course, we 
would come to a limit also in this direction, on 
account of the limitation as to the size of a 
wheel. But actual problems would never brin; 
us near this limit, as a wheel of given capacity 
would never be required to have so low a 
rotative speed (hence low Kt) as to require wheels 
of diameters too large to be built or operated 
successfully. We therefore do not need to con- 
sider the question of the minimum value for Kr 
at all. 

The question of the maximum value for Ke, 
however, is of great importance for practical ap- 
plication, as this will determine the number of 
wheels or number of nozzles required for the 
given power and speed. To answer this ques- 
tion, we need, since K:- is a function of d/D, only 
to find the least wheel diameter that can be used 
satisfactorily in connection with a jet of given 
diameter. 


The sketches, Figs. 1, 2 and 3, bring out the 
chief conditions involved. As“ bucket B pre- 
gresses from the position shown in Fig. 1, the jet 
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will be split in 
the 
its 


two parts, one feeding bucket B, 
with the jet velocity ¢c in 
When bucket B reaches 
Fig. 3, the water particle 


other proceeding 
initial direction. 
the position shown in 


which was at m when bucket B separated it from 
main jet will have moved to «. 
particle 


the 


water 


Similarly, the 


which was at nm when the bucket 














Fig. 4. 


Path of Jet Discharging from Bucket. 


separated it from the main jet (Fig. 2) will have 


noved to y (Fig. 3) These distances are 
C f mo 
Mm a m’ o’ m’ o’ — 
u fr 0.485 
r f n’ oO 
y n’ o’ n’ oO - ~ 
l fe 0.485 
The curve wiz, Fig. 3, shows thus the end of the 
jet which has been cut off from the main jet, in 
its correct instantaneous position at the time 


when the entrance edge of bucket B is at o. As 
the wheel moves farther, the separated jet will 
move, too; when the bucket B reaches, for in- 
stance, the position of bucket A in Fig. 1, the 
irve yz (Fig. 5) will be moved to wf, 112) (Fig. 
1) These distances aré, 
r f m’ p 
wiry mp’ "'’ p’ 
’ fy 0.485 
( fe n p’ 
ny p' » nop - 
\ fs 0.485 
‘ f« oO’ p 
oO o' 7 o’ p’ —— 
t fy 0.485 
It j ipparent that, in order to utilize the en 


re energy contained in the jet, 
through, without giving up its energy to the 
Therefore, the and buckets must 
that the particle of the jet 
rated by bucket B from the main jet, namely 
ill reach bucket A and will be fully 
bucket A before this bucket, or that 
bucket at which the particle 
lischarge, leaves the sphere of the jet. 


no particle must 
suckets wheel 
designed so last 
particle z, will 
deflected ny 
point of the 
hould 
While 


sition of the 
») 
I 


last 


it is a simple matter to determine the po 
bucket A at the moment when the 
e reaches it, it is very difficult, if pos- 
at all, to determine the position at which the 
last particle 
the bucket. 


in this 


ist partic 


} 
sipie 


has just completed its flow through 


A great deal of judgment must be used 
respect, and, therefore, special care is ad- 
vised in all cases where only a short time is left 
for the bucket to remain in the sphere of the jet 


the last particle has entered. 
This time 


after 
can be increased in two ways: (1) By 


decreasing 


the time necessary for the last par- 





ticle to reach the bucket A. This is secured by 
decreasing the pitch of the buckets, thus short 
the jet cut off by the buck- 
(2) By increasing the total length of time 
during which each bucket remains in the sphere 
of the jet, or in other words, by increasing the 


ening sections of 


ets, 


length of the are 00,. 


In decreasing the pitch or increasing the num 


ber of the buckets, however, we soon come to a 
limit. From Fig. 4, showing two consecutive 
buckets in section, it is apparent that the small- 
er the pitch, the larger the angle must be in or- 
der that the water may freely discharge from 
the bucket without hitting the following bucket. 


tut with increasing f, the lateral component c’ of 
the water velocity grows larger, and this means 


«’y 

increased discharge loss ———; hence the wheel 
29 

efficiency is decreased. Efficiency demands that 


we should make angle $8 as small and the pitch 
Allowing a certain 
the maximum, we cannot reduce 
that which corresponds to this 
Furthermore, practical consid- 
erations will not permit using an excessive num- 
ber of buckets. If, for instance, the buckets are 


as large as possible. -dis 


charge loss as 
the pitch 
discharge 


beyond 


1OSs. 


bolted to the wheel disk, which is the general 
practice in this country, the flanges must have 
a certain width, thus giving a minimum pitch 


as that result- 


ing from the value of the discharge loss that we 


which may not even be as small 


are willing to allow. In other words, decreas- 
ing the pitch of the buckets, for the sake of 
lengthening the time left for the bucket to .™ 


main 
title has 
tain limit. 
Beyond this 
last particle 
the 
the 
buckets 


in the sphere of the jet after the last par- 


entered, can be carried only to a cer- 
the flow conditions of the 
can be improved only by lengthen- 


limit 


ing are 00 This we can secure by increas- 
height of the by making the 
longer. But again we are not able 
far, as it is obvious that the buckets 
excessively long in comparison 
We come thus to a 
direction, and if now the flow 
not satisfactory, the last but most 
will have to be used, namely 


ing are, i.. &; 
here 
to go very 
made 


wheel 


cannot be 
the 


also in 


with diameter. 
limit 
conditions are 
effective 


this 


means 


that of increasing the length of the arc by in 
creasing the wheel diameter proper, or decreas- 
ing the value of Ke. 


This, it is believed, 
of the ijimpulse-wheel 
size of jet the 


the maximum 


shows clearly the nature 


problem, when for a given 


least possible wheel diameter, or 


value of At, is to be determined. 


Maximum Type Characteristic. 
In the 1908 the had to deal 
with this quite extensively, 
type of 


summer of writer 


problem when he 
deve buckets which 


which 


Was loping a were to 


be used as “standards” and would reach 


the minimum 
Kt allowable 


value of 
for radial 
inward-flow turbines, 
wheels or 
After 
all means to improve the 
conditions the 
last particle, as described 
above, had 
that is to 
had 
minimum 
the 
increased to 
the least 

diameter with 
perfect reaction 
last particle 

obtained was about 10.5 

With wheel diameter reduced to 9 
times the jet diameter, about 2% to 38% of the 
jet would not react fully. 

On account of the necessity of making several 
arbitrary assumptions in order to be able to find 
the position of the bucket at the time when the 
last particle of water has completed its flow 


with as few 


nozzles as possible. 
for 


flow 


exhaust- 
after 


been 
ed; 
the pitch 
duced to a 
the 
had 
a maximum, 
wheel 
which a 
of the 

could be 
diameter 


say, 
been re- 
and 


length of buckets 





been 


times the jet 


through the bucket, the results involve some de- 
gree of 
critical 


uncertainty in the 
point. Therefore, 


neighborhood of the 
the values found by 








FIG. 5. 


the writer must not be looked 
mathematically exact. 

The question whether the wheel diameter should 
not be brought below D 10.5d or whether it 
should be allowed to go somewhat lower, say, t: 


D) = 9d, cannot be settled by a general rule, a 


upon as being 


efficiency is not always the only deciding fac 
tor. There will be many cases in practice wher: 
the advantages of a higher value of Ket, and con 
sequently reduced number of wheels or nozzles 
necessary for the given power and speed, will 
justify a certain additional loss by imperfect 
reaction. <A loss of 3% will often be allowable 
to secure these advantages. Therefore, let us 
establish as limiting values: 

d 1 
qd) — = , making Kt about 5; for perfect 

D 10.5 

reaction. 

d 1 
(2) — , making At about 6; when loss from 


D 9 


imperfect 


2.07 


about 2% to 3%. 

The writer does not advise trying to carry Ke 
higher than 6, as the loss due to imperfect reac- 
tion rapidly. It must be borne in 
mind, that even values of 5 or 6 can 
be obtained only by buckets especially adapted 
for such high buckets must be 
considerably longer than standard Pelton or Doble 


reaction can be 


increases 


however, 


values. These 


buckets, for instance. 

In these special buckets, which may appro 
priately be called high-speed buckets, the part 
X, Fig. 5, is particularly important. The smaller 
the wheel diameter the more inclined will be 
the bucket relatively to the jet at the moment 
when the last water particles enter, and conse 


quently more water will be discharged at part 


X. This makes it necessary to design this part 


of the bucket with the same care as part Y, 
where the first and main part of the jet dis- 
charges; the bucket must be kept sufficiently 


deep at XY and the angle $8 kept sufficiently small. 


Also another point must be mentioned in this 
connection: Because the increased length of the 
bucket makes the flow conditions at the entrance 


in the bucket less favorable, the practice of mov- 
ing the entrance edge the 
on all modern good design, 
comes a necessity for high-speed buckets. 

In the article “‘A Rational Method of Determin 
ing the Principal Water 
Runners,” it minimum 


toward 
buckets of 


center, as is 


done be- 


Turbine 
value 


Dimensions of 


was shown that the 


of At for radial inward-fiow turbines is about 12 
With favorable conditions, slightly smaller values 
can be reached, down to about 10. (The Allis 


Chalmers Co., of Milwaukee has built a radial! 


inward-flow turbine for the Palmer Mountain 
Tunnel and Power Co. for the following data: 
H 350, H-P 650, N GOO; these make Ane 

10.2.). If now the maximum value of Ky: for 








PATH OF LAST PART OF JET. 


impulse-wheels is 6, it is 
equal the minimum 
turbines by 
wheels, or a four-nozzle 
field of requirements for 
covered satisfactorily two turbine 
classes alone. The conditions in this direction 
have been improved recently by the development 
of two-stage radial inward-flow turbines, a few 
of which have been in successful operation in 
Europe. These two-stage turbines extend the 


that 
inward-flow 
single-nozzle impulse 
wheel; thus the entire 
water-turbines can be 


apparent 
limit of 
using four 


we can 


radial 


by these 
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eld of the radial inward-flow turbine in the (1) The first solution will require a jet of diam- Neglecting ¢t as small compared with p sin 8, 
eighborhood of the minimum limit.* eter ve get 
Summary. 0.2778 e@ f 
If the value of Ke computed from the given d (in inches) 16.1 ap 6 ins. tan B = —_ 
ower, head and rotative speed is smaller than 2 Sbp f, 


lz, but larger than 6, a multiple impulse-wheel 
nust be built. 

If Kt is equal to 6, a single impulse-wheel can 
ve built, but in this case an additional loss of 2% 
to 3%, due to imperfect reaction of some part of 
the jet, must be reckoned with. 

If Kt is 5 or less, a single impulse-wheel can 
be used without any additional loss due to im- 
perfect reaction. However, as long as Kt is 
larger than about 4.2, the design must be very 
careful, and the buckets must be increased in 
length as compared with the usual standard 
buckets. 

Best conditions for the design prevail when Ke 
is between 2.5 and 8.5. 

After the question of the number of wheels or 
nozzles has been decided upon, the jet diameter 
will be found from formula (5). 


d (in inches) = 16.1 v H-P, 


where H-P, is the power of one jet per foot of 
head, in horsepower. The wheel diameter will 
be found from eq. (12). 
53.67 d 
D=—- 
kh, 

which value must check with that given by eq 
(9): 


72 NH 
D eS 
N 

NUMERICAL EXAMPLE.—Given H 900 ft.; 
H-P 7,000 HP.; N 400 r. p. m. Determine 
the arrangement and dimensions of the turbine. 
7900 
H-P, —_——_ ————- = 0.2778 

900 VW 900 


400 
N, - 13.333 
NV 90 


K, = 13.333 v 0.2778 = 7.035 

This value is too small for a radial inward-flow 
turbine and too large for a single impulse-wheel. 
Choosing, therefore, one wheel with two nozzles, 
or better, two wheels with one nozzle each, At 
for each jet will be reduced to 

7.085 

K, = —— = 4,97 

V2 
which would require buckets of very careful de- 
sign and somewhat elongated shape. On the 
other hand, if we decide to use four jets, i. e., 
either four wheels each with one nozzle, or two 
wheels each with two nozzles, then At per jet 
would be reduced to 


7.035 
k,=- - = 3.5175 

V4 
Both solutions are possible, and in deciding be- 
tween them the advantages and disadvantages 
of each should be carefully considerd The first 
solution will give us a smaller and cheaper unit, 
but lower efficiency, whereas the second solu- 
tion will give us a considerably larger unit, which 
will cost more and require more space in the 
power-house, but which will have better effi 
ciency. 


*A two-stage turbine for H, H-P, N requires runners 
of 


N v0.5 H-P N wv H-P 
Se es nt Qe 
0.5 H V0.5 H HwWH 
Thus, if a single-stage turbine has a runner of At 12 
the runners of a two-stage turbine for the same total 
power, head and speed would be of Ky = Y 8 x 12 = 


20,184. Or, if we consider 12 as the minimum value of K, 

for radial inward-flow runners, we could, in using a two- 

stage turbine, reach by radial inward-flow turbines a type 
12 

chara-teristic as small as about 7.2. 

1.682 


and a wheel of diameter 
D (in inches) 64.79 ins. 


which checks with 


72 wv 900 


D (in feet) - ——-—— = 5.4 ft. = 64. 8 ins. 
400 
(2) The second solution will require a jet of 
ie | 0.8778 
d (in inches) = 16.1 \ ——~» == 4.94 ina: 
4 
und a wheel of 
53.67 4.2432 
D (ininches) = ——-—-—-————- = _ 64.8 ins. 


3.5175 
which checks with the value obtained before 
If other values for fc, fy and € seem to be more 
appropriate than 0.97, 0.47 and 0.80, respectively, 
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Fig. 6. Performance of Impulse Wheels: Varia- 


tion of Losses and Efficiency with Type Char- 
acteristic. 


the general formulas (3) anid-(7) should be used in 
computing d and DPD. 


Discharge Loss. 

At the end an interesting relation between the 
discharge loss, the angle 8, the Type Character 
istic, and the pitch or number of buckets shall 
be derived. 

Assume that the bucket is in such a position 
that the center of the discharging water stream 
is on the impulse cirele; then the peripheral 
velocity of this center r’, is equal to the wheel 
velocity Uv. 


v =v=f, V2gH =—047 \2gH 


The discharge is, by Fig. 4, 


awd 
Q =2bw' (psin 6 — 2) = fe \2qH 
4 
' Vd2qoH 
Also, w eee ag ee eae 
cos 8B cos B 


Substituting the last value in the preceding ex 


pression, 


2bf, VN2qH wd 
—(psin8—t)= f-VN2gH 
cos B 4 
Wheel Ratio No 
diam Wheel Type of Discharge 
in ins. to jet Char. Buckets 
D »/d n tan 8 
18 20 0.1460 
16 18 0.1479 
14 17 0.1597 
12 16 0.1754 
11 15 0.1793 
10 14 0.1842 
9 1 0.1902 





or, substituting for p its value wm J) » in terms 
of the number of buckets n, 





Unf, n d d f. 
tan 8 — = — — ~~ (13) 
8b Df, S b D Fy 
d kK, 
Since — - —_—_—— , this becomes 
D 53.67 
n Ay d f 
tan Bp = - 
429.36 b fy 
d 
In regard to the ratio of , We possess no 
b 


definite data, as no satisfactory experiments 
Turbine de 
d 
signers customarily assume Db 2d, or - %. 
b 
Putting this into our equation, and also 0.47 for 
fy, and 0.97 for fe, we obtain 
n Ky 
tan B — (14) 
108 


have been made in this respect 


Thus we see that the minimum possible angle 
8 is in direct proportion to the number of buckets 
used and to the value of Kt, which is a proof of 
the statement previously made, that for efficiency 
the number of buckets should be made as small 
as possible, because the discharge loss increases 
with increasing 8B. 

The true or lateral discharge velocity of the 
water, « in Fig. 4, is 

( cv tan 8B =v tan Bg 
nK, ad 
fo V2qH 
129.36 b ‘ 
and the discharge loss, in terms of the energy 
supplied, is 


(c) I 


nk, ad 
29 H 2gH 


———— — f, VIGH 
429.36 6 
nK, ad 


(ae 5.) 


129.36 b / (15) 


For 1, and f 0.97, we obtain 


Discharge loss 


The discharge loss varies as the square of the 
ype Characteristic and as the square of the 
number of buckets, if the wheel is designed 
closely according to theory, i. e., if B is made 
exactly equal to the required minimum 

NUMERICAL EXAMPLE.—Take a 2\%-in. jet 
and assume that, as At varies, the shape of the 


buckets is altered so as to get in each case the 
least discharge loss which can be obtained by 
using a certain number of buckets (the number 
of buckets being reduced to that required in 
order that loss by imperfect reaction may be 
zero up to Ke 5.0, and 2%% at Ke 6). Assume 
further that, at Kr 3 or D 18d 15 ins., the 
wheel efficiency is 85%, and that the loss due to 
bearing friction, resistance and friction in the 
buckets remains unchanged. Then the following 
table can be figured: 


The discharge loss and loss at reaction, and 


Discharge Loss + 





Excess 
over Loss due to 
Angle Fraction of 455" Imperfect Efficiency 
Input Wheel teaction 
B (ce’)*/o90 H 
§* 39° 0.0455 0 0 O.85 
es? Za 0.0465 0.0012 0 0.8488 
9 1’ 0.0541 0.0088 0 0.8412 
9° 57’ 0.0200 7) O.8300 
10° 10° 0.0230 0 0.8270 
10° 26’ 0.0267 omy 0.8133 
10° 46’ 0.02314 0.025 0.7936 
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the total efficiency, are plotted in Fig. 6 from 
this table. 
The above-given theory may be somewhat 


academic, as the angle B is never made exactly 
equal to its minimum value but for safety is 
made somewhat larger (in good standard buckets, 
for not too high values of Kt, we find B about 
10°). Also we scarcely would design a new 
bucket for each new value of Kt, but would use 
the bucket for different wheel-diameters. 
Nevertheless this theory and the curves in Fig. 6 
will be reliable guides for the turbine designer 
both in making efficiency guarantees and in 
standardizing impulse-wheel buckets. 


Same 





Rates for Electric Current Furnished by the 
Municipal Plant of Pasadena, Cal. 

The low rates for electric current recently es- 
tablished by the Municipal Lighting Works of 


Pasadena, Cal., have attracted attention in vari- 
ous parts of the country so that it seems of 
interest to publish the rates here with a few 
operating statistics, taken from the last report 
of Mr. C. W. Koiner, General Manager, for the 
year July 1, 1908, to July 1, 1909. The rates 
may be arranged in the accompanying table 
PASADENA ELECTRICITY RATES. 
Incan- 
descent Are 
Lighting. Lighting. Power 
Up to 100 KW.-hrs. per mo. 7 cts. 6.75 cts. + cts 
100 to 500 sia i 6 “ 5.75 2 
OO) to 1,000 = = 5 4.75 . 
1,000 to 1,500 “ ~ cab | ian et 2 
1,000 to 2,000 ' 7 Go 8 =6xdeea = Time eee 
Over 2,000 iA _ a pease > 5 heed 
1.500 to 5,000 Toe Sie 1.9 
Over 5,000* * +: oe ea 1.75 
Over 5.0007 ste eT ON ee 1.5 
10,000 15 


Over 

*If used between 5 p. m. and 10 p. m. 

(lf not used from 5 p. m. to 10 p. m 

The minimum monthly charge is $1 per meter of 1-HP. 
capacity, or less, and $1 per HP. additional capacity. 
Minimum for three-phase meters, $2. 


The municipal plant is steam-driven, and oil 
fuel is:used. It is reported that when the city 
entered the municipal lighting business, the 
rates for the local supply were about 15 cts. per 


KW.-hr. for small services This was reduced 
to 12.5 cts., it is said, until the municipal plant 
and later to 8.5 A flat rate 
was established also, but the supplying company 
reinstall 
following 


was running, Cis, 


was forced to meters. 
The 


Koiner’s 


figures are arranged from Mr. 


report: 


EXPENDITURES: 
Manufacturing 
Fuel (8,680 bbls. 


at 92 ects.) $7,976.39 


Ne ee a ae 438.72 
Wes GE GIATIOM: 6c scecescns 3,489.84 
SE ia tee ee See) Tee 114.60 


M iscellaneous 
Repairs 


381.05 
342.18 


‘supplies 


Distributing 


Maintenance and repairs less inventory 4,046.83 
Management— 

Salaries .. a eee eee ey a 3,192.85 

EE: GB. 5 dn 5 Seth's Salen ebrs seleeees 223.40 


Supplies 695.23 
$4,111.46 
Fixed Charges— 


Interest on bonds 8,500.00 


Grand total oo + $29,401.07 


RECEIPTS : 


er Ce |... ccs ccdies ce ab bee ees $30,563.56 
OE ca 6 caus ibe A ee bieh Roane as ek 1,271.51 
eee ener Peers See 14,046.22 
Renewals, deposits, etc. ...........0ee eens 526.81 
$46,408.10 
SURPLUS: Receipts over expenditures...... 17,007.03 
BONDS: 
DE” Xacti taseeans. San stdrcevawssekenon $325,000.00 
Expended for construction .................. 312,777.73 
Nr ere re $12,222.2 
Redeemed bonds EET CE eC USE ee 
I en se cn 5k ws xceilath a ik tw ami 265,625.00 
EE ean sowessencteencen.wa ne 48,750.00 
eee eee OE .  k teeta Hace sive veiun 1,125,791 
ee ee ee 2,662.41 
8 OS rere er ree 129.81 
Manufacturing cost per KW.-hr.............. 1.13 cts 
Distributing cost per KW.-hr. .............. 0.36 ct. 


Management cost per KW.-hr. 
i | ee 1.85 cts. 


No attempt has been made toward a complete 
analysis of the department’s operation, nor are 
all the figures of the last report shown. A few 


most significant ones have been selected. It will 
be noted that no allowance for depreciation was 
made, unless one so views the redemption of 
$4,375 in bonds from the earnings. This would 
be 1.42% of the sums expended for construction. 
The balance of receipts over expenditures, $17,- 
0U7.08, however, is equal to 5.44% of the con- 
struction costs. 





The Collapse of an Overloaded Floor. 


On Jan. 25 the three upper floors of the four- 
story building occupied by the Whitney-Noyes 
Seed Co. at 206 Terrace, Buffalo, N. Y., col- 
lapsed the excessive loading of bags of 
seed, falling, pushed out the front wall 
building for a width of 15 ft. The re- 


under 
and, in 
of the 


THE WATER FRONT OF ALBANY, N. Y., is to be 
improved by the construction of concrete walls and boat 
landings, the laying of pavements, provision of grass 
plots, and erection of platforms and shelters. A con- 
crete wall 899 ft. long, resting on piles, will be built 
Plans and specifications for this work have been drawn 
by Mr. Walter Melius, City Engineer, of Albany, and 
bids are to be received until Feb. 21 by the Board of 
Contract and Supply, of which Mr. Isidore Wachsman is 
Secretary. 


2 
> 


A HYDRAULIC SPEED-REDUCING GEAR devised by 
H. Féttinger has been built in experimental form by th¢ 
Vulcan Machine Works of Stettin, Germany. The 
“Schweizerische Bauzeitung’’ of Dec. 25 notes that the 
gear consists of a hydraulic turbine-pump surrounded co- 
axially by a hydraulic turbine set in the same trans- 
verse plane. Apparently a ring of fixed vanes between 
impeller and runner acts simultaneously as delivery 

guide-buckets for the pump 











COLLAPSE OF A BRICK BUILDING UNDER EXCESS LOAD OF SEED BAGS. 


sulting damage is 
half-tone. 


shown in the accompanying 
The building was of the ordinary 
brick-wall and timber-joist and floor construc- 
tion, and was designed to carry the ordinary 
loads for a city warehouse. However, it seems 
that the seed bags had been piled on each of 
the three upper floors, so that a much larger 
load than had been intended was applied. The 
following abstract from the report of the Build- 
ing Department gives the official explanation 
of the accident: 


About 15 x 50 ft. of the three upper floors fell and 
about 15 ft. of the front or east wall, from near the 
roof line to the ground floor level, collapsed. About 50 
ft. of the north wall was also badly bulged. As far as 
can be ascertained from an inspection made by the 
Structural Engineer of the Bureau of Building, this 
building was constructed in accordance with the plans 
filed in the office of the Bureau on Dec. 17, 1896. The 
floor constructions were designed and figured safe for 
uniformly distributed live loads per square foot of 225 
lbs. on the ground floor, and 130 lbs. on the three upper 
floors. Immediately after the collapse many portions of 
the three upper floors, which were not damaged were 
found with loads on them ranging from 200 to 400 Ibs. 
per square foot. It is the judgment of the Structural 
Engineer that the cause of the collapse was the over- 
loading of the floors. 





wets and entrance guide-buckets 
for the turbine. The dead 
discharge water from the 
turbine returns to the pump 
suction. Reversal is ac- 
complished, it seems, either 
by using a separate gear for 
each direction or else by 
changing the direction of the 
fixed vanes so as to make 
the turbine run in opposite 
direction to the pump. This 
gear is intended for getting 
relatively slow speeds from 
a high-speed steam-turbine, 
as in ships. The steam-tur- 
bine would be connected to 
the impeller shaft, while th: 
hydraulic turbine is seated 
on the propeller shaft. 

An experimental gear 
showed 83% efficiency when 
delivering 182 HP., but in 
another test at higher speed 
(1,750 r. p m.) it delivered 
over 500 HP. (efficiency 
not stated) when driven by a 
Curtis turbine of 500 HP 
Considerable economy in 
space and weight, and some 
saving in power, are claimed 








for the gear, as compared 
with direct steam-turbine 
drive in ships. 

AN INSPECTION TRAV 
eler and footwalks for in- 
spection have been provided 
on the large railway and 


highway bridge over the Vis- 
tula River at Marienwerder, 
in eastern Germany (described 
briefly in Eng. News, Oct 
22, 1908, p. 460). For the 
top chord a footwalk is hung 
just below the top chord, sup- 
ported on short cross-beams 


hung from the chord and 
having a pathway on either 
side of the chord. The 


floor and bottom chord are 
taken care of by a little sus- 
pended traveler under the 
floor, consisting of a _ U- 
shaped steel framework whos¢ 
short vertical legs carry each a pair of wheels running 
on a track beam bracketed out at the lower edge of the 
chord. A handwheel with chain drive to one of the bear- 
ing wheels enables the carriage to be run along the 
bridge. The steel framework is floored with plank, 
giving a transverse platform under the bridge about 4 ft. 
wide and about 50 ft. long, reaching across the full width 
of the bridge. 


+ 
- 


A CENSUS OF MANUFACTURES to cover the year 
1909 has been begun by the U. S. Bureau of the Census. 
The work is under the direct charge of Mr. William M. 
Steuart, Chief Statistician for Manufactures. Ultimately 
some 1,800 special agents will be employed. We quote 
from a circular issued by the Census Bureau as follows: 





As there is a general interest in the subject of the 
comparative importance of the cities, states and terri- 
tories with reference to the larger selected industries, 
it is exceedingly desirable that, from the standpoint of 
c!Ivic pride alone, the manufacturers throughout the 
United States should furnish the data without delay in 
order that the industrial centers in which they operate 
may be completely and correctly represented in the sta- 
tistical tables. Every manufacturer is therefore urged 
to cooperate promptly and fully with the Bureau of the 
Census. 


Mr. E. Dana Durand is Director of the Census Bureau. 
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We have often pointed out the failure of 
\merican municipalities to treat the refuse-col- 
ection and disposal problem as a_ businesslike 
proposition. In recent years a few cities have 
eferred the subject to engineers or engineering 
‘ommissions for careful investigation and report, 
— Milwaukee, Columbus, O., and New York 
City. In the latter part of 1908, Ex-Mayor Hib- 
vard, of Boston, referred the somewhat com- 
plicated question of garbage and refuse disposal 
in that city to a commission, and after the re- 
port of the commission in 1909 he created still 
inother commission to make further investiga- 
tions. From our abstract of the report of the 
econd Boston commission, published elsewhere 

this issue, it will be seen that that commis- 
sion included men eminently qualified to con- 
der the engineering and sanitary questions in- 
ved, as well as the business and labor interests 

f the city. 

Notable features of the Boston report which 

ill doubtless appeal to many of our readers are 
(1) its arguments for permitting householders to 
eposit all classes of refuse in one receptacle, 
ius making possible a single collection in place 

the present separate collection of (a) garbage, 

b) ashes and rubbish, and (c) in some parts of 
he city salable and readily combustible rub- 

sh; (2) the burning of the mixed refuse in high- 

mperature destructors of the British type, with 
ie possible utilization of heat; (8) putting all 
1e work of collection and disposal in the hands 

a single contractor; (4) an outline of the most 
nportant features of the contract for doing the 
ork as suggested. 

In arguing for the single-collection system, 

ith incineration of the whole product, the com- 

ission seems to have overestimated the possible 
iisances and dangers to health that may occur 

y the admixture of organic matter with ashes 

hen an attempt is made to collect garbage sepa- 
itely. This possible nuisance and danger is for 
ie most part taken for granted. 

The committee also takes it for granted that 

reduction plant must be located at a point re- 

»te from population, but that the refuse de- 

ructors need not be so placed. It is true that 





American experience points to the advisability of 
locating reduction plants at some remote point, 
but we have very little American experience to 
indicate that furnaces or destructors for burning 
garbage can be located in thickly settled districts 
with that freedom of objection which seems to 
prevail in Great Britain and in the continental 
countries. 

We do not mention these points so much for 
the purpose of taking serious exceptions to them, 
as to call attention to the views formulated by 
this able commission after careful study of the 
garbage and refuse-disposal problem in Boston 
and probably with comprehensive knowledge of 
experience elsewhere. The arguments advanced 
by the commission in support of its recommen- 
dations are fairly put. We should add that the 
possible advantages of a garbage-reduction plant 
combined with a refuse destructor for wastes 
other than garbage are recognized, but with the 
proviso that the ownership and operation of the 
plant should be in private hands. 

It is interesting to note that the labor-union 
representative on the committee, while agreeing 
with the other members on all other points, dis- 
sented as regards the sweeping recommendations 
for the contract as against the day-labor system. 
His brief but dignified statement in support of 
his views is given at the end of our abstract of 
the report proper of the commission and is 
worthy of consideration. 

It is hardly necessary to say in conclusion that 
the report of the commission is a valuable con- 
tribution to the scanty literature of refuse col- 
lection and disposal in America, particularly when 
taken in conjunction with the report of the first 
commission. 

In the current discussion as to the causes for 
the increased cost of living, the railways have 
come forward with the prompt and emphatic 
Plea of “Not guilty.” While prices of most of 
the necessaries of life have rien greatly during 
the past ten years, the rise cannot be laid to an 
increase in the cost of transportation. In proof 
of this are quoted the statistics of the Inter- 
state Commerce Commission, which show an 
average railway freight rate in 1897 of little less 
than four-fifths of a cent per ton-mile. In 1908 
this ton-mile rate had been reduced to about 
three-quarters of a cent. The average prices of 
96 commodities are shown by Bradstreet’s to 
have advanced in the twenty-year period from 
Jan. 1, 1890, to Jan. 1, 1909, an average of 21.4% 
If the freight rates had increased during this 
period at the same rate, the railways would 
have received from the public about 243% million 
dollars more in 1908 than they actually did re- 
ceive. 

While railway freight rates have been reduced, 
the price of railway supplies has advanced, and 
necessary advances in wages to keep pace with 
the cost of living have enormously increased rail- 
way operating expenses. — 

It may well be asked how it is possible that 
the railways can sell transportation at a profit 
to-day at a lower price per ton-mile or passenger 
mile than was charged ten years ago, notwith- 
standing the fact that everything the railways 
have to buy, including labor, has advanced in 
price from 20 to 100%? The answer is first, 
that the volume of traffic has greatly increased, 
and this increase raises the earnings much 
faster than it raises the operating expenses. In 
the second place, it is probable that the average 
freight rate is affected by the enormous growth 
in long haul bulk freights, particularly soft coal 
traffic which is carried at very low rates. Of 
great importance also is the improvement in 
operating methods, such as the use of large ca- 
pacity cars and heavy locomotives. The econo- 
mies resulting from these improved methods have 
benefited the public even more than the railway 
stockholders. 





* 
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A useful study of the relation between typhoid 
fever death rates and the character of the local 
water-supplies in different parts of Illinois has 
been made by Mr. Edward Bartow, Dinector of 
the Illinois State Water Survey. Elsewhere in 
this issue we publish an abstract of a paper sum- 


marizing these studies. While the broad general 
conclusions of the paper are doubtless. well 
founded, it seems desirable to call attention to 
the fact that all causes for variation in typhoid 
rates throughout the state have been ignored 
except those pertaining to the character of local 
water-supplies. Any other course would have 
been very difficult and perhaps impossible in con- 
nection with so broad a survey of the subject as 
this. At the same time, it must be remembered 
that there are many other factors than water- 
supply that would cause variations in the typhoid 
rate in various communities and at various dates 
in the same community. 

It is easy to raise questions that cannot read- 
ily be answered. Nevertheless we cannot refrain 
from asking whether the much higher typhoid 
rates prevailing in the southern as compared 
with the northern counties of Illinois are due 
in considerable part to the same general causes, 
whatever they may be, as produce high typhoid 
rates throughout the greater part of our South- 
ern States. 

We regret the necessity of calling attention to 
one other factor which has an important bear 
ing upon these Illinois figures. Illinois is not 
one of the registration states as recognized by 
the U. S. Bureau of the Census. That is to say, 
its laws governing the registration of vital sta- 
tistics are such, in fact and in administration, 
that the state is not credited as recording as 
many as 90% of the total deaths that occur 
within its limits. This being true, it is probable 
that many typhoid deaths are not recorded, and 
that the completeness of the typhoid records 
varies materially in different parts of the state. 
All this may not materially affect the broad gen- 
eral conclusions drawn by Mr. Bartow, but they 
should certainly be taken into account by any 
one who considers his figures in detail. We make 
this statement, not so much to throw doubt upon 
the value of the figures, as to emphasize the de- 
sirability of action on the part of the State of 
Illinois that will place it within the registration 
area. 

—_——————_e—_ aS ae 

An apartment house and a factory building in 
Philadelphia were burned recently, killing eight 
or ten people. Both structures were thoroughly 
non-fireproof. The local newspapers in com- 
menting on the fires make a demand for strin- 
gent fireproofing requirements. The Philadelphia 
“Press” says editorially: 

No building should be erected in the central part of a 
city that is not fireproof. No building intended to house 
a large number of human beings should be allowed any- 
where unless it is made fireproof throughout. . 

It should be adopted as a municipal policy that the qui “k- 
burning wooden interiors must go and fireproof build- 
ings take their place. 

These are sound, progressive sentiments. One 
might expect them to be quite general, too, in 
view of the advancing knowledge of fire dangers 
and fire losses. Yet we find that the city which 
should know the fire danger best, San Francisco, 
has just enacted a new building law whose pro- 
visions concerning fireproof construction are 
highly reactionary and danger-breeding We 
have abstracted them in this issue to make this 
fact clearly apparent from the wording of the 
law itself. 

The San Francisco enactment is not wholly re 
markable, however. A Toronto newspaper re- 
cently on the occasion of a small school fire 
seriously raised the query whether it is neces- 
sary to build public schools fireproof. It re- 
marked that fireproofing would add to the cost, 
whereas the available moneys for school build- 
ing are already too scanty; by providing more 
stairways, this paper says guardedly, the fire 
danger in schools is much reduced; taxpayers 
should consider not only the desirability of 
thorough fireproof schools but also their greater 
cost. With such views publicly promulgated it 
is not so hard to understand the San Francisco 
law permitting schools to be built with wooden 
interiors and non-fireproof stairs, permitting 
stores and warehouses to have wood interiors 
with unbroken floor areas of alarming size, etc 
Fireproof construction evidently has not yet 
achieved proper recognition. In the matter of 
theaters the awful lesson of the Iroquois struck 
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home, as the San Francisco law again proves, after the legislation went into effect. Dr. Dixon water confronts the State Department of Healt 
but the lesson of the Collinwood school fire and has been ably seconded by Mr. Herbert F. Snow, it will display a sense and tact already exhibit: 
of the great conflagrations of recent years is M. Am. Soc C. E., Chief Engineer of the De- in laying down its requirements. We presun 
largely unheeded. partment. that the Department will hardly go so far as | 

———__o— —— Dr. Dixon has been able to secure a strong expect or require that sewage will be so high 


In discussing certain phases of the street rail- 


way situation in St. Louis, the “Republic” of 
that city recently observed: 
There are definite service requirements laid down in 


the franchises and by general ordinance, but no official 
or board is charged with seeing to it that the require- 
ments are lived up to. In certain matters it is notorious 


that the breach is the rule and observance the excep- 
tion. 
It is a weakness of American government, both 


state and local, that altogether too much reliance 
is put in the mere placing of laws and regula- 
tions upon statute and ordinance books, and that 
far too little provision is made for inspection and 
general administration to see that legislation 
enacted is enforced. This has been particularly 
true of various franchise provisions of public- 
service corporations. These franchises generally 
contain a number of stipulations regarding the 
character of the service to be rendered to the 
public, but very Seldom indeed is there any sys- 
tematic and efficient means of seeing that the 
provisions are carried out. 

The newspaper quoted endorses the suggestion 
of Mr. Frederick W. Lehmann, Chairman of the 
Board of Freeholders (a body created for revis 


ing the city charter of St. Louis), to the effect 
that the regulation of the street-railway service 
of St. Louis should be specifically delegated, un- 
der the revised charter, to either the Board of 
Public Improvements or a special board cre- 
ated for that purpose. Speaking of type of car 
and overcrowding of cars as matters needing 


regulation, the ‘‘Republic’’ observes: 


if the remedy lay with a board of transportation ex- 
perts appointed by the Mayor a much truer balance be- 
tween popular demand and operating possibilities would 
be struck than at present. 


It certainly is very desirable that it be the 
specific duty of some city official or officials to 
see that the provisions of various franchises are 
carried out in the interests of the public. It 
seems questionable, however, whether this alone 
is sufficient. The public-service com- 
panies upon which the people of our cities, large 
and small, are now so dependent, need at least 
measure of regulation by properly-consti- 
tuted state authority, like the Gas and Electric 
Light Commission of Massachusetts, the Public 
Service Commissions of New York State, or 
the Railroad Commission of Wisconsin (the juris- 


various 


some 


diction of which last has within a couple of 
years been extended to practically all public- 
Service corporations in the state) 

saleedis Ce Sen 


It happens not seldom, in the experience of an 
engineer engaged in public work, that unjustified 
charges of incompetency or corruption are made 
against him. A correspondent sends us a news- 
paper report of proceedings in a municipal coun~ 
cil in Pennsylvania. A suspicious councilman 
was discussing with the local city engineer the 
expenditures on a certain job of retaining-wall 
The 


construction councilman, after various 
caustic and insulting remarks, finally declared 
that in his opinion there was grafting in con- 
nection with the measurement of the work by 


the engineer. To this formal charge the city en- 


gineer made the following prompt reply: 


Councilman B., I will agree to submit the measure- 
ment of that work to Mr. L. [the engineer of a local 
manufacturing company]. If he does not find the amount 
of work to be just what I have reported it te be, I will 
agree to pay his bill and resign my position as city 
engineer, provided that if he does find my measurements 
to be correct, you will pay his bill and will resign from 
the Council.” 


The proposition was not accepted. 





The Pittsburg Sewage Purification Orders. 


Probably no state in the Union has entered 
upon so comprehensive a campaign against 
stream pollution as has Pennsylvania. This was 
made possible by new and much needed legisla- 
tion enacted a few years ago, but the actual 
credit for the work is due to the knowledge and 
tactfulness of Dr. Samuel G. Dixon, who was 
appointed State Commissioner of Health soon 


measure of control of stream pollution through 
statutory provisions which require that all plans 
for sewer extensions involving the discharge of 
sewage into the waters of the state must be ap- 
proved by the Commissioner of Health before 
they are carried into effect. This requirement 
is so broad that little if anything can be done in 
the way of extensions to sewerage systems, at 
least if they involve new outlets, without the 
approval of the State Department of Health. By 
conditioning his approval upon the filing of com- 
prehensive plans for the sewerage and sewage 
disposal of the whole drainage district, or of 
the whole city concerned, Dr. Dixon has been 
able virtually to dictate just what each city shall 
do in the future in the way of sewerage and 
sewage-disposal improvements. Although we 
say ‘“‘dictate,’’ we do not mean to convey the idea 
that he has been dictatorial. His orders or de- 
crees, as the permits granting applications for 
sewer extensions may be called, look to making 
all further sewerage and sewage-disposal work 
conform to a definite plan, with possible provision 


for future purification. Or to put it differently, 
the permits are not sweeping orders to adopt 
some specific means of sewage treatment. More- 


over, where conditions require a permit, all the 
orders issued contain provisions for an extension 
of time for the filing of plans or the installation 
of sewage-purification works, if due diligence in 
carrying out the order has been exericsed up to 
the date of application for extension. d 

Elsewhere in this issue we give extended ab- 
stracts of three orders or permits issued to the 
city of Pittsburg. These orders, in brief, re- 
quire the city to submit plans for trunk sewers 
and sewage-treatment works by Dec. 1, 1911, and 
urge cooperation between Pittsburg and a num- 
ber of outlying municipalities located in the 
same natural drainage system. 

The three permits (one each for as many drain- 
age districts) make up a total of 100 typewritten 
pages. Each of the drainage districts and each 
existing outlet is described, oftentimes with com- 
ment on its relation to a comprehensive plan. 
The permits themselves, and information which 
we have from Dr. Dixon and Mr. Snow, show 
that the Pittsburg permits are based on ex- 
tended local studies made in cooperation with 
the city authorities. We understand that this 
general plan is followed in the case of each city 
to which a permit is granted. 

As we have already intimated, the permits lay 
particular stress upon the necessity of formu- 
lating a comprehensive plan for the sewerage 
and sewage disposal of the city, so that every 
extension made may conform with ultimate needs 
both of collection and final disposal. The same 
doctrine is being impressed upon other mu- 
nicipalities of the state, and cannot fail to be of 
enormous financial and sanitary advantage to 
every community concerned. The direction and 
cooperation of the Pennsylvania State Depart- 
ment of Health will prevent the municipalities 
of that state from continuing the haphazard 
methods of sewer construction, with utter dis- 
regard to future needs of sewage treatment, 
which have commonly prevailed not only in 
Pennsylvania but throughout most of the other 
states of the Union. 

Running through the permits, we note repeated 
statements regarding the effect of sewage dis- 
posal on the use of streams for public water-sup- 
plies, which seem to be based on the assumption 
that sewage purification is an efficient means of 
protecting such supplies. Inasmuch as these per- 
mits are in the nature of orders to submit plans 
for sewage treatment which must yet meet the 
approval of the Pennsylvania State Department 
of Health, it may of course be that the Depart- 
ment will insist upon radical measures of sew- 
age purification wherever the effluents are to be 
aischarged into streams above water-works in- 
takes. ‘We do not doubt that when the prac- 
tical problem of saying just what should be done 
to sewage to virtually convert it into drinking 








purified as to render it safe for communities b« 
low a sewage-works outlet to draw water fro: 
even so large a stream as the Ohio River wit! 
out purification. Obviously, the problem of wate 
purification will be lessened to a considerable ex 
tent with the removal of even a portion of th 
bacterial contents of sewage. It is equally ob 
vious that any financially practicable means « 
sewage purification yet employed on a large sca! 
will-not be a perfect safeguard against bacteria 
infection, and that if such a safeguard is to b 
provided it must be either some _ high-grad: 
secondary system of sewage filtration or the us: 
of a disinfectant like the bleaching-powder o 
hypochlorite of calcium or sodium which is nov 
being used on an increasingly large scale in wa 
ter purification and which on a small scale ha 
proven effective in sewage treatment. 

To an outsider it seems as though the mu 
nicipalities of Pennsylvania are being pressed t: 
adopt measures of sewage purification almost t 
the exclusion of pressure to look after the sani 
tary quality of their water-supplies. This, w: 
presume, is not really the case. It should be ri 
membered that Philadelphia and Pittsburg, a 
well as some of the smaller but still importan: 
cities of the state, already have water-purifica 
tion works for the whole of their populations 
either in operation or nearing completion. I: 
addition to this, the State Department of Health 
has from time to time had large forces of in- 
spectors in the field looking after the pollution 
of water-supplies. 

A thing which it seems to us the State De 
partment of Health has overlooked, at least ti 
a large extent, is the fact that there is an end, 
temporary though it may be, to the funds that 
municipalities can provide for public improve- 
ments. Sewage and water-purification works ar 
by no means the only sanitary improvements 
which are demanded in the interests of publi 
health, and expenditures for these and other 
health-protective measures form only a small 
part of the demands upon the municipal treas- 
ury. Health considerations should certainly 
come before most if not all others, but neverthe 
less there is great need for a comprehensive mu- 
nicipal program for each municipality. The 
sewerage and sewage-disposal permits issued by 
the Pennsylvania State Department of Health. 
exhaustive as they are in their view of the sub- 
jects immediately concerned, seem to take no 
cognizance whatever of other municipal necessi- 
ties, with the exception of the relation of sewage 
disposal to public water-supplies (chiefly of other 
communities). Doubtless, when the municipa! 
authorities ask for extensions of time to complet¢ 
plans for sewerage and sewage-purification sys 
tems, or for postponement of dates at which 
those systems must be completed and in opera 
tion, the Department will take into account any 
representations made by the various cities as to 
conflict between the monetary demands for thes: 
and other needed public improvements. 

At the same time, we cannot but wish that 
were possible for the Pennsylvania and for othe: 
state departments or boards of health to mak 
broader surveys of municipal health needs, in- 
stead of taking up one problem alone quite re 
gardless of the others that are surrounding the 
city concerned. Perhaps this will be more feas 
ible’as time goes on. It is certainly true that in 
many sections of the country improper means of 
sewage disposal and consequent stream pollution 
have gone to such lengths as to make it impera 
tive that remedies be provided almost regardless 
of other local necessities. All that we have said 
along these broader aspects of the Pennsylvania 
stream-pollution campaign should be considered 
in the light of the fact that, after all, one of th: 
chief things being insisted upon by the Penn 
sylvania State Department of Health is that 
whenever a city does propose to extend its sew- 
erage system, a broad view of the subject should 
be taken and comprehensive plans should be mad‘ 
for the future. Oftentimes, little or no more 
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itial expense is involved in a comprehensive, 
ir-looking plan than in one which is but partial 
id for the immediate present; while, in the long 
in, it is evident that comprehensive planning 
x the future means saving of money and con- 
rvation of health. 
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A Remarkable Testimonial to the Work of 
Civil Engineers. 

We believe every civil engineer engaged in 
rovernment work under the Corps of Engineers 
vill feel a glow of pride upon reading the letter 
which we print below from Gen. Clinton B. 
Sears, recently retired from the Corps of Engi 
neers after more than two-score years of ser- 
vice. As for the engineers who have had the 
honor of serving under General Sears, they will 
be justified in having his letter engrossed and 
framed. And the engineering profession as a 
whole, we are sure, will highly appreciate Gen- 
eral Sears’ manly and generous testimonial to 
the character of work done by the U. S. Assist- 
ant Engineers, which comes at a time when it 
can be of greatest service. 

Sir: I have just read your editorial in your issue of 
Jan. 27, entitled “Civil Engineers on River and Harbor 
Work,” etc, and fully agree with the statements, argu- 
ments and recommendations therein set forth. I am glad 
to know that an effort is being made in behalf of one 
of the most deserving bodies of public officials in the 
ervice of the Government. 

With the object of aiding this movement, I desire to 
bear witness to the great ability, the strict integrity 
and the faithful discharge of all duties assigned to thetn, 
which have always characterized the Civil Assistants 
serving with the Corps of Engineers. Having served in 
all grades from second lieutenant to Colonel of Engineers, 
with 41 years’ experience and with stations in all parts 
of the United States, from the Atlantic to the Pacific, 
from the Lakes to the Gulf and in the Philippines, with 
all the varied duties on fortifications, surveys, rivers 
and harbors, roads and bridges, lighthouse work, etc., in- 
cident to the Engineer service, and as member of many 
beards passing on plans, often primarily prepared by 
our civil engineer assistants, I have had extended oppor- 
tunities to meet personally and study the work of a 
large number of them, and through association with 
other engineer officers, to learn the characters and 
abilities of many more. 

In all these years and with all this acquaintance, I do 
not recall a single instance of any dereliction of duty, 
any lack of sterling honesty, or any failure to meet fully 
the requirements of the work entrusted to them. 

I have had them at work in immediate local charge of 
large and important projects; have entrusted to them 
great sums in cash; and have paid out millions of dol- 
lars on vouchers certified by them. I have had them 
working in the field in the coldest winter, with the ther- 
mometer at 30° F. and below; in the humid tropics, with 
the depressing and exhausting climate incident thereto ; 
in arid deserts; in altitudes so great as to render phys- 
ical exertion difficult; in swampy regions, reeking with 
malaria and swarming with insect pests; often for years 
at isolated and desolate stations; daily risking health 
and life on ocean and lake and in swift river currents, 
and in placing and operating massive and complicated 
machinery, and they have always ‘“‘made good.” 

I have often been indebted to them for original and 
valuable suggestions, and have frequently adopted with- 
out modification, important projects submitted by them, 
and have always given them full credit. 

My rule has been to hold my assistants to a strict 
responsibility and then give them a free hand, interfering 
as little as possible with details, and never harassing 
them in their control of men and methods of work. This 
course has been fully justified by results. 

With such record of efficient service, there can be no 
doubt that there should be higher rewards and promo- 
tion in the upper grades to positions with greater re- 
muneration and responsibility, and I hope the effort in 
this direction will meet with abundant success. 

In this connection, I desire to pay my tribute to the 
zeal, ability and fidelity of the chief clerks serving with 
our engineer officers. We have had not only to look 
closely to our technical duties, but also to our money 
accounts. For the latter an able and faithful chief clerk 
is of the greatest assistance. He must be thoroughly 
conversant with all the forms of official records and 
returns; with the rules and regulations of the War and 
Treasury Departments, and especially with the many and 
various rulings and opinions of the Comptrollers and 
Auditors, and he has to verify and prepare vouchers and 
checks covering great sums, and a multiplicity of details. 
After over 40 years’ experience with many chief clerks, 
involving the expenditure and accounting of millions 
of dollars, I have not been out of pocket one penny 
through their fault, and my accounts have been exam- 


ined, found correct and closed, by the Treasury De- 
partment. I can pay them no higher tribute than the 
statement of this fact. 
Very truly yours, 
Clinton B. Sears, 
Brig.-Gen., U. S. A. (Retired) 
Newton Center, Mass., Feb. 2, 1910. 





LETTERS TO THE EDITOR. 


Heavy Rate of Rainfall at North Sydney, 
N. S. W. 


Sir: Reading over some back numbers which have 
accumulated during a press of work I note in your 
issue of Nov. 18, 1909 (p. 551), a list of heavy precipi- 
tations at various points. 

{ remember a ‘‘Southerly buster,’’ to use a local name 
which occurred in North Sydney, N. S. W., on Feb. 11, 
1894 or 1895, in which 3 ins. of rain fell inside of 30 
minutes. This is by far the heaviest rate of precipita- 
t.on that has ever come under my observation. 

Yours truly, 
Ernest H. Wilcox. 

Bryson Block, Los Angeles, Cal., Jan. 28, 1910. 
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Empirical Formula for Crown Thickness of a 
Reinforced-Concrete Arch. 


Sir: Several formulas have been printed for obtain- 
ing an approximate crown thickness for reinforced-con- 
crete arches, but the following, used in our office, I have 
never seen in print: 


8 
Let r = —. 
R 
R = rise in ft. 
S = span in ft. 
t = crown thickness in ins. 
(20 — r) S 75 
Then t= ~ }+—— 4 aes 
10 5 28s 


The thickness is always in exact inches and when the 
formula gives it in fractions of an inch, the next larger 
inch is taken. 

The formula was derived by Mr. Ernest McCullough, 
formerly Chief Engineer for this company. The condi- 
tions of loading are two feet of fill over crown, the live 
load being a 15-ton steam roller. 

Yours very truly, 
C. .O. Powell, Engineer, 
Northwestern Expanded Metal Co. 
Chicago, Jan. 18, 1910. 


~~ 


The Inventor of the Direct-Acting Explosion 
Pump. 


Sir: The appreciative notice in your issue of Dec. 2, 
1909, re, ‘“‘An Unique Direct-Acting Explosion Pump,”’ 
interested me, first, from the fact that the United States 
Patent Office accords to me (after a more than usually 
prolonged and searching ‘‘examination’’), inventorship, 
in fact pioneership, in this new art or process, and speci- 
fically in this device and the method underlying it, and 
secondly, in that the article illustrates and justifies a 
pet theory of invention, propounded in a series of widely 
copied and much criticized articles under the caption, 
“Is the Inventive Faculty a Myth?’’ published some 12 or 
15 years ago. I took the position that ‘‘invention’’ in- 
stead of being a creative act, was a purely logical an- 
alysis and synthesis. The London ‘‘Engineer,’’ or ‘‘En- 
gineering,’’ I have forgotten which, in an elaborate criti- 
cism, made it perfectly plain thac tke writer of the 
articles could not possibly be an inventor or he would 
known better and, further, that my analysis of the ‘‘ideal 
heat motor,’’ used as illustration of my theory, while 
interesting led nowhere. A comparison of that analysis 
and the theory of the operation of this departure in heat 
motors will prove worth while I feel sure. 

One of my minor applications for a patent on this sub- 
ject, issued Oct. 12 last and bearing the number 936,677, 
contains the following interesting quotations: 

Application filed July 25, 1904. . . As further il- 
lustrating the scope and extent of the invention under- 
lying the construction herein set forth, reference is here 
made to application filed Oct. 13, 1902, for a new method 
or process under the title of ‘‘Utilizing Heat Energy,’ 
Serial No. 127,172, and an application for an apparatus 
of the same general type under the title of ‘Utilizing 
Heat Energy,’’ filed Oct. 13, 1902, Serial No. 127,173. 

Besides its peculiar desirability in the present form, 
the omission of valves is desirable in any pump, and 
particularly valvés beneath water. Fortunately 
the characteristics which, under the circumstances of 
the present disclosure render the presence of valves pe- 
culiarly undesirable, provide also, conditions which make 
them unnecessary. That is to say, the incompressibility 
and inertia of water may be utilized by proper mechani- 
val provisions to take the place of valves. . . . It 
will thus be seen that a violent, but controlled surging or 
pendulum-like oscillation of the water piston takes place. 
as This is a most highly desirable condition as the 
piston alternately gives and receives energy with practi- 
cally no loss. Thus the increment of energy due to ex- 
plosive action is wholly liberated to effect the upward 
movement of the water in the casing. iy 





It will be observed that in the operation of the device, 
certain novel, interesting and valuable conditions and 
functions are present and utilized. The first and most 
striking is the pendulum-like or surging action of the 
piston in its unrestricted reciprocation. . . . This 
utilizes and makes practically effective a condition in 
which bodies of large mass may be kept in motion with 
a minimum expenditure of energy. Thus is brought about 
a condition in which practically the whole explosive 
increment of energy is liberated for the accomplishment 
of effective work or, in other words, raising the mechani 
cal efficiency of the transforming apparatus to practi- 
cally theoretical perfection. . . . 

As therefore this disclosure introduces broadly novel 
principles, functions and effects for the utilization of the 
energy of explosive action and their application to the 
raising and moving of water, it is not desired that the 
invention be limited to the forms, proportions or arrange- 
ments of parts herein illustrated or any particular me- 
chanical expression thereof, but I desire to claim the 
invention or inventions herein, in the broadest manner as 
a pioneer invention 

In closing, it gives me pleasure to be able to confirm 
Prof. Unwin’s reported tests of efficiency and economy, 
my experience shows an efficiency greater even than his 

William H. Smyth 

“‘Fernwald,”’ Berkeley, Cal., Jan. 20, 1910 
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Will the Panama Canal Pay? 


Sir: Will you spare a little of your valuable space to 
a Southerner for a brief criticism of an enterprise 
that is popularly supposed to be of inestimable value, 
present or prospective, to the South, viz.; the Panama 
Canal? It seems to me at the very least open to ques- 
tion that it will be so. Yet one is almost put down as 
being disloyal to his section of the country if he even 
hints of this canal being other than a piece of work of 
incalculable prospective benefit to the southern states 

It appears now that the cost of this piece of work, 
the Panama Canal, is going to be nearly $400,000,000. 
It was estimated before the canal was started that the 
probable traffic at the time of opening would be about 
6,000,000 tons (6,401,332 tons in 1914, to be exact). It is 
about 46 miles across the isthmus and, as is well known, 
freight has been moved on the railroads of this country 
for 1 ct. per ton-mile or less, the exact figure need not 
be stated here, for we will take it at one cent for the 
purpose of this argument. Then for 46 miles the cost 
of moving freight by rail across the isthmus would be 46 
cts. per ton. To make easy figuring call it half a dollar. 
Six million tons a year would then cost $3,000,000 to 
move by rail across the isthmus, exclusive of loading and 
unloading at the termini. Such loading and unloading 
ought not to cost, it seems to me, more than 25 cts. a 
ton at each place and that would be another half-dollar 
a ton or another $3,000,000 to add to the previous $3,000,- 
000, or six million dollars in all. 

Why then build the canal at a cost of hundreds of 
millions of dollars for the use of a partly yet-to-be-de- 
veloped traffic? The interest on 400 million dollars at 3% 
is 12 million dollars a year, to which add 3 million 
dollars for maintenance of the canal, making an annual 
charge of 15 million dollars, as against the above esti- 
mated six million dollars for handling in ships that would 
tranship to railroad at the isthmus—and if the traffic 
proved to be only 4,000,000 tons a year as against only 
four “million dollars. 

This argument is only to show that the canal is of very 
doubtful profit commercially. If the canal is unprofi- 
table to the nation and if traffic does not gravitate to it 
naturally and without legislative interference, then its 
value to the South will be small. 

Now as to traffic in the future. Wellington’s argu- 
ment as to spending money to provide facilities for traffic 
in the future (see his ‘‘Railway Location,’’ page 8vU 
et seq.) applies to the building of canals quite as well 
as to the building of railways. If your estimate of future 
growth of traffic on this canal is right (Eng. News, Vol. 
55, p. 448, April 19, 1906) there will be 15% million tons 
to move in 1945, to move which at $1 a ton across the 
isthmus by rail (terminal charges included) would cost 
about the same as the interest and maintenance charges 
on the canal. But 1945 will still be 30 years off at the 
opening of the canal in 1915, and the amount of 400 
million dollars at 3% compound interest for that time is 
972 million dollars, which is what the canal will really 
have cost in 1945 for first cost and interest, from which 
should be deducted its earnings during that period, main- 
tenance deducted. The Suez Canal in 38 years got up to 
13% million tons traffic in 1908. 

The building of the Panama Canal is going to be used 
as an argument for waterway improvement within the 
United States, and in comparison with what that canal 
cost it is going to be argued that the expenditure of 
$200,000,000, say, for a waterway from Chicago to New 
Orleans, for instance, is a ‘‘mere bagatelle’’ and those 
who do not approve of such expenditure will be called 
narrow-minded, niggardly, stingy, tools of the corpor- 
ations, railroad puppets, bought up, etc. 

This 1910 is a year of big things, but poverty stiil 
abounds and one does not have to go far to find it 
The burden of taxation should not be increased for there 
are burdens enough that are inevitable, and this is to 
some extent an ‘“‘evitable’’ or avoidable burden. 

For one, I favor the government doing the minimum 
possible and keeping out of indusfrial undertakings: 
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water supply for cities; operating street raflways or 
owning them; building ‘‘good roads’’ or bad ones either— 
and a road built better than the traffic justifies is a bad 
one no matter how smooth and beautiful it may be. 
In brief, I am a follower of Herbert Spencer. 


I am in favor of progress and improvement, but against 


injustice as far as injustice may be avoided. For de- 
velopment, but let it be through self help. 
Respectfully, A. BP. C. 
Nashville, Tenn., Jan. 25, 1910. 


{Our ecorrespondent’s conclusion’ that the 
Panama Canal will pay only trifling interest on 
the investment necessary to build it is in all 
probability correct. Nevertheless there are 
possibilities that the growth of traffic in the 
will be very considerably greater than 
been conservatively assumed in pasi 
The lumber from the forests of 
Columbia—the last great body of virgin 
wood timber in the world—may furnish a 
amount of traffic through the canal 
a possibility, too, that future discoveries 
of coal or iron ore or phosphate or other bulky 
mineral deposits in the Andes may provide some 
such vast traffic through the canal as that which 
now flows past Sault Ste. Marie. 

In the 
transport 


future 
what has 
calculations. 
British 
soft 
very great 
There is 


cemparison between rail and water 
Isthmus, our correspondent 
probably underestimates the cost of transhipping 
from ships to 


across the 


railway cars and vice versa for 
rail transit across the Isthmus. Bulk materials 
such as grain or ore can indeed be transhipped 
for the figures given or much lower; but gen- 


eral merchandise, and even coarse freights such 
as lumber, cement, castings, brick, tile, etc., cost 
very much more to transfer, when the damage 
done to the goods is taken into account. 

Our correspondent may recall that the public 
took very little real interest in Isthmian Canal 
matters until the Spanish War of 1898, and the 
spectacular voyage of the “Oregon’’ round Cape 
Horn. It was that which brought about the con- 
struction of the Isthmian Canal; and if the canal 
saves the United States every year the cost of 
constructing and maintaining one or two battle- 
ships and cruisers, it will be a paying invest- 
ment.+-Ed. ] 
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Notes and Queries. 


In connection with the overflowing of the Seine at 
Paris recently, Mr. A. W. Bedell, of Chappaqua, N. Y., 
writes: 

I have thought of a way of possibly alleviating such 
troubles by increasing the discharge of the river. Over 
some rivers there are stone arch bridges having a great 
number of piers which produce end contraction of the 
water flowing through. If this contraction, and sudden 
expansion at the lower side, were suppressed, the dis- 
charge would be increased somewhat—enough, perhaps, 
to keep the water level within safe limits. Piers having 


ogival ends would not need any attention; but those 
that are flat could be improved by setting temporary 
pointed cribs above and below. Just what would be 


gained by this depends upon local conditions at the time. 
Sometimes it might control what would otherwise be a 
flood; and when a few feet of water means a large loss 
of property, industry, and life, although the work would 
be attended by some difficulties, it might be worth con- 
sidering, and the expense be justified. 

In the editorial in our issue of Jan. 27 (p. 103) we sug- 
gested that engineers and engineering organizations ap- 
peal to members of Congress for favorable action on the 
proposition to give greater responsibility and better 
tanding to the U. S. Assistant Engineers engaged on 
River and Harbor Work. For the benefit of any who 
nay desire to do this we print the following list of 
members of the two House committees before which the 
bills relating to the subject are likely to come. 


Committee on Rivers and Harbors: D. S. Alexander, 
New York, Chairman; G. P. Lawrence, Massachusetts; 
|. H. Davidson, Wisconsin; James McLachlan, Califor- 
nia; H. O. Young, Michigan; H. C. Woodyard, West Vir- 
ginia; W. A. Rodenberg, Illinois; W. E. Humphrey, 
Washington; M. B. Madden, Illinois; C. A. Kennedy, 
Iowa; J. H. Cassidy, Ohio; J. K. Tener, Pennsylvania; 


M. Sparkman, Florida; J. E. Ransdell, Louisiana; G. 
F. Burgess, Texas; B. G. Humphreys, Mississippi; J. A. 
Moon, Tennessee, G. W. Taylor, Alabama; J. E. Ellerbe, 
South Carolina; C. G. Edwards, Georgia. Committee on 
Military Affairs: J. A. Hull, Iowa, Chairman; A. ’ 
Capron, Rhode Island; G. W. Prince, Illinois; H. O. 
Young, Michigan; Julius Kahn, California; J. F. Burke, 
Pennsylvania; T. W. Bradley, New York; Frederick C. 
Stevens, Minnesota; D. R. Anthony, Jr., Kansas; C. L. 
Knapp, New York; C. H. Morgan, Missouri; J. Q. Til- 
on, Connecticut; J. Wickersham (James), Alaska; Wm. 
Sulzer, New York; Jas. Hay, Virginia; J. L. Slayden, 
Texas; Isaac R. Sherwood, Ohio; G. W. Gordon, Tennes- 
see; Ben Cravens, Arkansas; S. H. Dent, Jr., Alabama. 


A correspondent inquires whether it is possible to 
bushhammer or otherwise tool a concrete surface which 
has not been especially prepared for such a treatment. 
He thinks that possibly such a tooling will bring to the 


surface small pieces of stone or gravel which, being so 
much harder than the surrounding mortar, will not take 
the tool finish, but will rather draw out from the surface 
and form small holes. 

The original method of preparing a concrete surface 
for tooling was to place a 3 or 4-in. mortar 
face against the forms during the concreting, forming 
with the main body of the concrete a solid mass. This 
mortar aggregate was particularly 
adapted to a tooled finish, and when so treated, formed a 
surface quite pleasing to the eye. Of late, however, in 
many notable structures. among which may be men- 
tioned the Edmonston Ave. Bridge in Baltimore and the 
Mulberry St. Viaduct in Harrisburg, the tooled finish 
has been applied to an ordinarily mixed and placed con- 
crete face. The only precaution that has been taken 
has been to see that no very large stones come against 
the face of the form, that is, a spaded finish has been 
used. When such a face is tooled, unless large gravel 
is used for aggregate, the cuts of the tools make very 
even lines across both mortar and aggregate and a fin- 
ish of the highest quality is usually procured. 

If any of our readers have had experience which 
would make them either in favor or against such prac- 
tice, we would be glad to hear from them. 
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Steel Penstocks. 
By R. A. WRIGHT.* 

A necessary feature of many modern hydraulic 
power plants, perhaps a majority of them, is the 
venstock, the tube which conveys the water from 
the upper level, that of the forebay or dam, to 
the power-house. As in other parts of a plant, 
the most desirable type of penstock varies with 
local conditions, which are exactly the 
Same in any two cases. Penstocks are con- 
structed of steel or wood, or sometimes of con- 
crete. It is not the intention here to enter into 
a discussion of the relative merits of different 
types but rather to give a general outline of the 
principles governing the design of steel pen- 
stocks, with a few details, in the hope that they 
may be of interest to the younger men engaged 
in this particular department of design. The 
designs described are taken from actual instal- 
lations and the tables worked out agree fairly 
well with current practice and should prove use- 
ful to those who have not had long experience, or 
sufficient acquaintance with actual practice to 
have gathered this information from their own 
experience. 

DETERMINATION OF SIZE.—The first thing 
to be determined, of course, is the proper di- 
ameter of penstock to suit the requirements of 
the development, and this is really the most diffi- 
cult problem of the design because of the large 
number of factors to be considered. No definite 
rules can be laid down to cover most of these 
questions and much must be left to the judg- 
ment of the designer, but a general discussion 


never 


*Chief Mechanical Draftsman, Philadelphia and Reading 
Coal and Iron Co., Pottsville, Pa. 


TABLE I.—FRICTION HEADS OF RIVETED STEEL 
PIPES. 
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TABLE II.—MAXIMUM PERMISSIBLE 


STEEL PENSTOCKS, IN 
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FEET. 
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should throw some light on the subject. The 


principal factors may be outlined as follows: (1) 
the quantity of water to be delivered to the 
power plant, (2) the head on different sections 
of the penstock, (3) the length of the penstock. 
(4) the nature of the application of the power. 
(5) accessibility of the site, (6) the design fixed 
upon for the wheels. 

The first factor is determined, usually, as one 
of the first essentials of the installation, being 
one of the factors upon: which depends the feasi- 
bility of the development. Whether the water to be 
delivered is conveyed by one or more penstocks 
depends on the quantity of water and the num 
ber of units fixed upon for the plant, but this is 
a question belonging to power-house design and 
will not be discussed here. The quantity of 
water having been settled, the size of penstock 
is fixed by the speed at which it is allowed to 
run, and this is a point, as stated above, which 
it is impossible to determine by rule in all cases. 
A high speed entails considerable loss of head 
by friction with a consequent low efficiency of 
the installation as a whole, while a slow speed 
brings increased cost of construction of the pen- 
stock itself. Considering the head, we find that 
under a low head it is advisable to use a slow 
speed because the loss of a foot of head by fric- 
tion is a much larger percentage of the total 
head than where a high head is available, and 
because the spouting velocity, and consequently 
the rim speed of the turbines, being low the 
water should enter the wheel case at a com- 
paratively low speed in order to secure the best 
efficiency. Under a high head a slight friction 
head is not a serious matter and it is better for 
the efficiency of the wheels that the water should 
reach them at rather a high speed. In the 
nature of things, however, it is usually found 
that longer penstocks are required for high heads 
than for low. 

Of course, the friction head increases with the 
length of penstock so that lower speeds are de- 
sirable for long penstocks than for short ones, 
other things being equal. The question of water- 
hammer becomes increasingly important with long 
penstocks and high speeds because of the great 
mass of water to be accelerated and retarded, 
and the greater fluctuations of speed. This may 
be taken care of to a certain extent by the use 
of stand-pipes or relief valves, and certainly one 
or the other of these should be provided on all 
except the shortest penstocks, but it is well, 
also, to keep down the speed of water, this being 
the surest safeguard of all. Consideration should 
be given to the conditions under which the plant 
is to operate—pulp grinders, for instance, run 
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TABLE III—WEIGHTS PER FOOT STEEL PEN- 
STOCKS. (EMPTY.) 
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continuously at full gate-opening, while turbines 
supplying power for electric railways may operate 
normally at half gate, only opening up wide to 


take care of an occasional, momentary peak 
load. In the latter case it would be fair to base 
the calculation of friction losses on the quantity 
of water consumed by the wheels at half gate. 
The use to which the power is to be applied 
also has a bearing on this question. For in- 
stance an electric power plant, being subject to 
possible variations from full load to no load in- 
stantaneously, would require a larger penstock 
than a plant using the same quantity of water 
for driving a number of wheels connected to 
separate machines, as pulp grinders, and not 
subject to an instantaneous variation of so large 
i percentage of the whole power. The type of 
wheels used may also have a certain influence in 
the determination of the most desirable speed of 
water since impulse wheels require a high speed 
at the entrance to the wheel while reaction 
wheels require a lower speed. With the scroll- 
case type of turbine the water enters at nearly 
the speed of the entrance edge of the wheel 
buckets or at such a fraction thereof as will be 
iletermined by the shape and arrangement of the 
guide vanes, while such a speed in the case of a 
‘ylindrical wheel-case, inclosing, say, a pair of 
wheels with central draft-tube and the inlet at 
the side of the case, would set up such eddies as 
might bring down the efficiency of the plant 50%. 
Of course it is always possible to change the 
speed of the water gradually by means of a 
tapered section of penstock just before entering 
the wheel-case, either increasing or decreasing 
the speed to suit the requirements of the wheel, 
but care must be taken to make such changes 
very gradual or else an appreciable loss of head 
will result. Though it is impossible to fix gen- 
ral rules for definite speeds, it is worth while to 
‘lassify the speeds as characterized by common 
practice. Low speeds are from 2 to 8 ft. per 
sec.; medium speeds are from 8 to 12 ft. per sec.; 
ind high from 12 to 25 ft. per sec. 

The accessibility of the site may be an im- 
ortant factor in determining the size of the pen- 
tock since the erection and transportation of 

large penstock may amount to a prohibitive 
gure, while the probable market for power may 
e only a fraction of the available power, in 
hich case it would be economy to permit a 
mnsiderable loss of head by friction in order to 


reduce the size of the penstock. It will be seen 
that for the intelligent solution of this problem 
we require complete information as to the flow 
of the stream, topography of the site, probable 
market for the power and financial resources of 
the promoters. These questions, of course, are 
fundamental to the proper solution of any power 
proposition and will have been carefully inves- 
tigated as the very first step in determining the 
feasibility of the development. 

A little thought leads to the conclusion that, 
in a given water power development, the most 
economical size of pipe to install is the one with 
which the annual costs and charges plus the 
value of the energy loss in the pipe is a mini- 
mum. The size of pipe that most nearly meets 
this requirement can be found by cut and try 
methods, though there is a wide latitude of in- 
terpretations to the expression “value of energy 
loss in the pipe.”” When the head and quantity 
of water are fixed within narrow limits, as noted 
before, the solution is greatly simplified. Mr. A. 
L. Adams, M. Am. Soc. C. E., in a paper before 
the American Society of Civil Engineers, June 
5, 1907, demonstrated 

That pipe fulfills the requirements of greatest economy 
wherein the value of the energy lost in frictional resist- 
ance equals four-tenths (0.4) of the annual cost of the 
pipe. 

Many have claimed that this rule has no rigid 
application, but it is logical and in absence of 
other determining factors should be employed. 

In a hydro-electric plant it may be advisable to 
compute the size of pipe in this way at the pre- 
Vailing load, developing the peak load at smaller 
efficiency. Some designers, on the other hand, 
may prefer to establish the size of pipe from an 
estimate of the value of the all-day losses or the 
average efficiency of operation. In the rare 
cases when a waterfall is being developed to 
obtain the greatest possible power and where 
the cost of installation therefore has only a minor 
bearing, Mr. Adams’ rule cannot have any 
bearing. 

Table I. gives the friction heads corresponding 
to different speeds of water in penstocks from 2 
to 10 ft. in diameter and 100 ft. long, based on 
a formula given by Merriman. 

In calculating the above table f was taken 
10% greater than the values recommended by 
Merriman to allow for the roughness due to 
rivet heads and for the lap of circumferential 
seams. 

WEIGHT OF PENSTOCK.—Having fixed on 
the size of penstock we next come to the question 
of fixing the thickness of 
the shell to suit the pres- 
sure of water to be car- 
ried. Most penstocks are 
constructed of tank-steel 
plates having a _ tensile 
strength of from 45,000 
to 50,000 lbs. per sq. in., 
although for high heads 
and speeds it is advis- 
able to use the best qual- 
ity of flange steel. The 
riveting is done in all 
styles, single and dou- 
ble-riveted joints being 
most common, although 
triple-riveted lap and 
butt joints are occasion- 
ally used. A number 
of considerations affect 
the choice of a style 
of riveting, but it would 


TABLE IV.—BENDING FACTORS OF STEEL PEN- 
STOCK. 
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are able to fix on the thickness of plate to be 
used. In this connection Table II. will be of 
use, giving the maximum heads under which 
various thicknesses of plates should be used 
With various diameters of penstock. The table is 
based on a fiber stress of about 7,500 Ibs. per 
sq. in. under static load, which Is an average 
figure for ordinary conditions. The table gives 
values for both single and double riveting based 
on nominal efficiencies of 60 and 70% respect- 
ively. Where more efficient seams or other 
values of fiber stress are used the head can be 
obtained by simple proportion. 

Table III. gives the weight of the penstock per 
lineal foot for either single or double riveting 
and for various thicknesses of plates. In figuring 
this table allowance was made for the circum- 
ferential seams, based on the most usual width 
of plates for the different thicknesses, also for 
over-weight of plates according to the manufac- 
turers’ standard table of allowances. The 
weights given in the table, of course, are for 
straight pipe—for bends an additional allowance 
should be made, up to 10% for bends of short 
radius, on account of the narrow plates used 
which makes the allowance for circumferential 
seams an increasing factor. 

ACCESSORIES.—The question of supporting 
the penstock is one which depends to a very 











be safe to say that 








a majority of penstocks 
are built with all lap 
seams, the circum- 
ferential seams being single-riveted and the longi- 
tudinal double-riveted. This gives a _ sufficient 
excess of strength ih the circumferential seams 
to provide for the bending between supports. For 
heads under 30 ft. all seams may be single 
riveted, making the spacing in the circumferen- 
tial seams as great as consistent with securing 
a tight joint. 

Having selected a style of riveting and quality 
of plate, thus determining the unit strength, we 





FIG. 





1. STEEL PENSTOCK SADDLE. 


large extent on local conditions as well as on the 
weight and size of the tube itself. Primarily the 
supports should be solid, consisting of concrete 
or masonry piers, preferably resting on solid rock, 
or if a rock foundation is not obtainable the 
piers should be of such size as to insure stability 
of bearing. The penstock should be carried on 
cradles, resting on these piers, a design for which 
is shown in Fig. 1. This cradle is made of angles 
with a web-plate and is securely riveted to the 
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penstock. To allow for expansion it is desirable 
to provide oblong holes in the base angles and a 
steel or cast-iron plate set in the top of the foun- 
dation on which the cradle may slide, the joint 
being well painted with graphite during erection. 

The spacing of these supports is susceptible of 
calculation, assuming the penstock 
uniformly loaded, the load consisting of the 
weight of the penstock and water. The most 
severe conditions one can impose accompany the 


as a girder 


plates and tend to cause sliding, it is necessary 
to provide solid anchorages. One of these should 
the wheels so that expansion and 
contraction of the penstock between the anchor- 
age and the wheels will not disturb the aline- 
ment of the latter. A good form of anchorage 
consists of a heavy concrete pier resting on solid 
rock and completely encircling the penstock, one 
or more rings of heavy steel angles being riveted 
to the shell at this point to obtain a good hold 
on the concrete. For further security the pier 
may be anchored to bed rock by means of bolts 
or rods set in holes drilled in the rock. 
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Fig. 4. 

















Fig. 3. 
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FIGS. 2, 3 AND 4. EXPANSION JOINTS FOR STEEL PENSTOCKS. 


assumption of a girder free at the ends. The 
effect is to produce longitudinal tension in the 
lower side of the penstock and this stress added 
to the longitudinal tension of the static pressure 
of water should not be allowed to exceed the safe 
tensile strength of the material. The stress due 
to bending is 
3 WE 
fo =—S—e_ ’ 
2 S 
where L and W are in feet and pounds per foot 
respectively, S is the section modulus. The fiber 
stress (longitudinal) due to static pressure is 
pd 
f= —, 
4t 
where p is pressure in pounds per square inch, 
d is the nominal diameter in inches and ¢ is the 
thickmess in inches. Adding these, for total 
stress: 
3 WE pe 
=— +—. 
2 8 4t 
From this we can get the distance between sup- 
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Taking the double riveted penstocks in Table 
II. with single riveted circumferential seams, 
carrying the full heads given, with a maximum 
fiber stress of 7,500 lbs. per sq. in. and 60% effi- 
ciency of the transverse seam, we get the fol- 
lowing maximum spans. The figures are for 
pipes filled with water. 


Diameter ——Thickness of plate, ins.———+ 
% % 
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In calculating similar values for particular 
Table IV. may be found useful. Values 
of the section modulus for thickness of plate in- 
termediate between those given may be inter- 
polated with sufficient accuracy. 

When the slope of the penstock is so great that 
the longitudinal resultant of its weight will over- 
come the friction of the saddles on the pier 


cases, 


Between anchorages some means must be pro- 
vided for taking up the expansion. This may be 
accomplished in a few cases by introducing bends 
of large radius. This is a very desirable con- 
struction when permitted by the location and 
topography of the site. More often, however, it 
is necessary to introduce some form of expan- 
sion joint, or slip joint, several styles of which 
are shown in Figs. 2, 3 and 4. Fig. 2 shows a 
type of expansion joint suited to short penstocks 
where the movement due to expansion is very 
slight. It has the advantage of requiring no 
packing and therefore needs only to be properly 
riveted and caulked to insure tightness. As 
will be seen it consists of two flat circular plates 


Fig. 5. Wrongly Designed. 


Fig. 6. Correctly Designed. 
Figs. 5 and 6. Elbows for Steel Penstocks. 


riveted to a spacing ring at the outer circum 
ference and to angle iron rings on adjoining 
sections of the penstock at the inner circum- 
ference. 

Fig. 3 consists of a sleeve encircling the pen- 
stock and made in two or more plates joined by 
angles bolted together. The packing consists of 
endless rings of rubber tubing which are held by 


the water pressure against rings riveted to the 
inside of the sleeve. It is a good plan to pro- 
vide a few set screws in the sleeve so that it 
can be maintained equi-distant from the pen- 
stock all around. Fig. 4 is a type of joint which 
is easily packed, soft hemp or cotton packing 
serving very well with this type of joint. The 
ring which acts as a gland can be made in sev- 
eral pieces and the segments do not require to 
be fastened together in any way. 

A very important, though seemingly small, part 
of the penstock is the air-vent. The writer 
knows of one case where its omission certainly 
resulted in the collapse of the penstock under the 
pressure of the air when the head-gates were 
closed. The air vent is usually a small vertical 
branch from the main penstock, open at the top 
and, of course, of a sufficient height to reach 
above the level of the head water. In northern 
latitudes this has the objection that the forma- 
tion of ice in winter renders it useless. In such 
cases it is more desirable to provide a large well 
in the bulkhead just above the entrance to the 
penstock, the head-gate closing over an arched 
opening in the concrete wall between this well 
and the forebay. The well can be covered with 
a removable grating and thus can be more easily 
cleared of ice than a small vent-pipe. 

Another important adjunct of the penstock is 
the stand-pipe, the office of which is to reduce 
water-hammer to a minimum. A properly lo- 
cated and proportioned stand-pipe is the best 
possible safeguard against bursting of the pen- 
stock under the tremendous pressures which may 
be produced by water-hammer, and it also is a 
great help toward good governing of the wheels. 
In a majority of designs probably, it has been 
customary to look upon the stand-pipe as a 
safety device whose great purpose was to re- 
lieve water-hammer. Surge pipes and surge tanks 
can be designed, however, to care for the excess 
and deficiency of water during surges resulting 
from operation of the gates or the governors. It 
is possible to replace the tall surge pipe by a 
closed surge tank where the effects of the former 
are obtained by air compression. The determi- 
nation of the proper size and location of the 
stand-pipe is a complex subject which will not 
be taken up here, but the reader is referred to 
the excellent paper on this subject presented by 
Mr. Raymond D. Johnson before the American 
Society of Mechanical Engineers (June 25, 1908) 
which, with the discussion following it, forms a 
good treatise on the subject. The size having 
been determined, the thickness and weight may 
be found by the same methods as outlined above 
for the penstock. The stand-pipe preferably 
should be supported independently of the pen- 
stock on suitable steel or concrete supports, but 
the writer knows of a case where a stand-pipe 
nearly 60 ft. high was supported directly on the 
penstock, independent supports being imprac- 
ticable. The body of the penstock was stiffened 
by heavy angles riveted on the outside and close 
to the stand-pipe. The stand-pipe was 4 ft. 6 
ins. in diameter and the penstock 8 ft. 

LAYING OUT PLATES.—The actual laying out 
of plates is hardly a matter within the scope of 
the present paper, but a few general remarks on 
the design of bends may be of practical use. In 
the first place, the designer should select as long 
a radius as practicable, not only for the sake of 
hydraulic efficiency but also for the greater ease 
of construction. The sharper the bend the closer 
together must the seams be in order to avoid too 
much flanging of the edges of the plates. The 
first seam in the bend must not be at the point 
of tangency, as it is so often shown by care- 
less draftsmen, for the reason that the end of the 
tangent pipe, if cut square, will be a true circle, 
while the mating edge of the first section of the 
bend, being cut on an oblique angle, will be an 
ellipse. Hence the two edges will not match. It 
will be seen, from Figs. 5 and 6, that seams are 
in the planes of radii of curvature. An im- 
properly designed elbow is shown in Fig. 5 and 
one properly designed in Fig. 6. 

Reductions or enlargements of diameter should 
be as gradual as possible, both on account of 
hydraulic efficiency and for ease and economy of 
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construction. In the case of branches, however, 
good efficiency requires more expensive construc- 
tion since branches carrying any considerable 
portion of the flow should be set at an oblique 
angle facing the stream. The higher the speed 
of water the more desirable and necessary is this 
construction since the tendemcy to set up eddy 
currents is greater. 

Should the layout be such that the penstock 
cannot be completely drained by opening the 
wheel gates a small branch must be provided, 
with a suitable valve, at the a point. 

ERECTION AND PAINTING.—The most suit- 
able method of erection depends on so many con- 
ditions that it would be impossible adequately 
to discuss the subject within the limits of this 
paper. For instance it depends on the nature 
and accessibility of the site, size and weight of 
penstock, length of penstock, and a variety of 
other conditions. Small penstocks can be riveted 
up in the shop into sections the length of a rail- 
road car, larger sizes, perhaps, may be shipped 
more economically in 10-ft. lengths standing on 
end, while the largest must be shipped knocked 
down and all the riveting done in the field. 
Compressed air, always a convenience where 
riveting is to be done, becomes practically a 
necessity when heavy plates and large rivets are 
used. 

In the question of painting there is perhaps 
more variation in different specifications than in 
any other one particular. To the author’s mind, 
unquestionably the plates are the better for a 
thorough cleaning before painting, which may 
be done best with a good sand-blast. This is to 
be followed immediately, according to some spe- 
cifications, by a coat of -linseed oil and this, 
after erection, with two good coats of some first- 
class metal-protective paint. The best paint is 
none’too good for this work, since a penstock is 
exposed to unusually trying conditions and the 
expense and delay incident to repainting or re- 
pairs is often a serious matter. For that reason 
it is well for any designer, or any one who writes 
specifications for steel pipe lines, to keep in touch 
with every latest real advance in the protection 
of such structures from the effects of corrosion. 





The Collection and Disposal of Refuse in 
the City of Boston, Mass. 


The collection and disposal of the garbage, 
rubbish, ashes and other refuse of the city of 
30ston by contract, under a single contract, 
with disposal of the entire body of mixed refuse 
“in modern incinerators of the so-called English 
Destructor type,” is recommended by a special 
commission in a report dated Jan. 31, 1910. For 
immediate construction a 3800-ton destructor to 
be located in the Roxbury district, is suggested 
A tentative plan for a combined refuse de- 
structor and garbage reduction plant, submitted 
by a contractor a few months ago but subse- 
quently withdrawn, is recommended for con- 
sideration in case it should be presented again. 

The commission which made this report is the 
second which has dealt with the general sub- 
ject. The first commission was appointed on 
Nov. 8, 1908. It submitted a detailed report in 
1809, which gave an account of methods then 
used and advised that a contract be let for col- 
lection and for incineration of all wastes. The 
second commission, three of whose members 
were on the first one, was asked to carry the 
investigations somewhat farther, and to submit 
“suggestions as to the scope and form of” a 
contract. The membership of the second com- 
mission was: Francis R. Bangs, Chairman; a 
lawyer, trustee of large real estate interests in 
Boston, and a former member of the Board of 
Aldermen. X. H. Goodnough, M. Am. Soc. C. E., 
Chief Engineer of the Massachusetts State 
Board of Health. Arthur M. Huddell, represent- 
ing the Central Labor Union. Prof. Wm. T. 
Sedgwick, Professor of Biology at the Mass- 
achusetts Institute of Technology. Frank L. 
Young, a Boston merchant and manufacturer. 
Guy C. Emerson, M. Am. Soc. C. E., Superin- 
tendent of Streets. John S. Hodgson was Secre- 
tary to the Commission. 





The reasons for advising a single collection, 
with disposal by burning, in place of the present 
two-separation and three-separation system, with 
disposal of most of the garbage by reduction, 
disposal of a portion of the rubbish by sorting, 
sale and burning, and miscellaneous disposal of 
ashes and large quantities of rubbish, are stated 
in the second reports, as follows: 


Sanitary Aspects of the Problem. 

The fundamental considerations in the disposal of city 
wastes are those of public health, public comfort and 
public convenience. If these considerations did not exist 
the municipality might regard with comparative in- 


fore not peculiar to any class of city wastes but funda 
mental to all, and if there were no other reason for the 
collection and disposal of these wastes by the municipal- 
ity the sanitary reason would be all-sufficient. 

There is, however, one class of ashes which is so little 
exposed to infection as to belong in a group by itself, 
and that is the ashes from factories, churches, school- 
houses and other large establishments into which food 
does not enter, or only to the slightest degree, as, for 
example, in the case of schoolhouses. It is a question, 
therefore, whether the municipality is bound for its own 
protection to collect and dispose of this sub-division of 
city waste, and it is plain that, if such necessity does 
not exist, the municipality may reasonably be free from 
a heavy financial burden which it now bears. A little 
reflection will show that while the 
municipality cannot safely neglect the 
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system of collection and disposal un 


FIG. 1. BOSTON REFUSE COLLECTION AND DISPOSAL DIS- der the separation system is the larger 


TRICTS AND STATISTICS. 


number of hands which either neces 


(Populations are estimated means for year 1908, and are followed sarily or naturally come in contact 
by average populations per acre. The pounds and dollars figures are with the refuse to be got rid 


weights and costs per capita for the year.) 


difference the accumulation by individuals, families, 
manufacturers or tradesmen of ashes, garbage and com- 
bustible refuse. Such accumulations, however, not only 
block the pubile highways and otherwise interfere with 
the public comfort and convenience but are also liable to 
be or to become centers of infection in which disease may 
be diseminated throughout the community by individuals, 
by winds, by insects and possibly in other ways. They 
may also become centers of putrefaction or decay and 
the sources of disagreeable or disgusting odors. Garbage 
by its fermentation and puterfaction may become foul, 
and even ashes, so called, under the conditions of col- 
lection referred to in this report, are seldom free from 
suspicion, because garbage 
and dirt get mixed with 
ashes and hence make these 
only somewhat less objection- 
able than material more ob- pee 
viously contaminated. | 

“‘Separation,’’ under what- 4 
ever system of collection, is 
always more or less imper- 
fect and incomplete. Some 
house or store dirt, for ex- 
ample, will find its way into 
receptacles intended only for 
papers or for garbage; 
some papers into receptacles 
for ashes and garbage; 
some garbage into receptacles 
intended only for papers FIG. 2 
or for ashes. And _ house aa 
dirt is peculiarly exposed to 
infection and is doubtless often really infected dirt. 
Garbage, which is in large part food or kitchen refuse, 
represents material that has been handled or mouthed 
and may have been infected even before it underwent 
such treatment. Hence it comes to pass that not even paper 
or ashes, as actually collected, can be regarded as cer- 
tainly free from infection; while garbage must be rec- 
ognized as being peculiarly exposed to it. 

The sanitary aspects of the disposal problem are there- 


SO BOSTON £ BOSTON 


All other Refi Se. 
Principally Ashes 


of. 

In short, from the sanitary point of view, any system 
of collection and disposal which involves separation is 
distigctly inferior to the simpler method of a single col 
lection of mixed materials and the exposure of the com 
bined mass to a high temperature under conditions de- 
signed to obviate nuisance at that stage. The advantages 
of this method of final disposal, known as incineration, 
are more fully set forth towards the close of this report 


Classification and Quantities of Wastes and 
Present Methods and Costs of Disposal. 
Before quoting from the report under this 

head it may be noted that the commission es- 
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RELATIVE WEIGHTS PER CAPITA PER YEAR OF BOSTON 
GARBAGE AND ALL OTHER REFUSE IN 1908. 


timates that the city is now paying $100,000 a 
year for collecting ashes and miscellaneous 
wastes from business blocks without legal 
authority to do so. 

The accompanying table shows the total and 
per capita quantities of different classes of 
refuse collected in various districts and in the 
whole city during the year ending Jan. 31, 1909. 
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Fig. 1 is a map showing the location of the sary to handle the work now being done by the com - this subject, given at the conclusion of the 
various districts named in the table, together pany, it is absolutely necessary that the city take report: 

: - ; f , : immediate measures to determine the methods to be sa erat i kas 

j _ e j -resting quantity, cost and other : The majority of the members of the commission are 
: og ps man A vie ion as relative per adopted on the expiration of the contract. 
data. ‘ig. 2 shows er ically le , > 


capita per annum quantities of garbage as con- 
trasted with all other refuse for the year 1908. 
We quote further from the report as follows: 


COLLECTION.—In general, collection in the suburban 


districts is made by contract, and in the more thickly 
ettled and business districts by day labor. The day 
labor force consists of 607 men, with 260 horses for all 
purposes. The city maintains a shop, employing 38 
mechanics, for the purpose of manufacturing and re- 
pairing equipment. The total tonnage collected by day 
labor for the year 1908 was 230,047, at a cost of 


$648,866, including disposal, or at the rate of $2.05 per 


ton. 

In the suburban districts of East Boston, Dorchester, 
West Roxbury and Brighton all classes of refuse are 
collected by contract. The total amount of refuse col- 


these districts for the 1908 was 83,720 
133 men and 88 horses were employed by the 
The total cost was $92, including 
the rate of $1.10 per ton. This cost is 
than would be the case if the 
precluded from profiting by the feeding 
to swine, and there are other features of the 
contract work, notably the shorter hauls 
and the elimination of the charges for transportation 
tending to complicate any comparison with the 
labor. 


lected in 
and 


year 
tons, 





contractors. 
disposal, or at 
lower 


doubtless con- 


tractors were 
of garbage 


department’s 


to sea, 
cost of day 
Taking 
be seen 
ket 
total 


contract work together, it will 
total of 403,767 tons, exclusive of mar- 
eived, was collected and disposed of, at a 
$741,254.94; that is, at the $1.84 


labor and 
that a 


refuse re 


day 


cost of rate of 
per ton. 
DISPOSAL.—Of 
dirt 
discharged 
on Atlantic 
limits. The 
dumps in 
Of the 
livered to 


tons of and 


87,000 tons, or 28%, were 
upon scows at Fort Hill Wharf, 
Ave., dumped at sea beyond the harbor 
remaining 244,586 tons were deposited upon 
various parts of the city 

78,615 tons of 
New 
the 
Island. 
14% of 
the 
greater or 
beyond the 
of the 

were conveyed to 
Wharf, Atlantic 
part of it sold 

being discharged 


SLL.SS6 
1908, 
city 


the 
during 
the 

and 


ashes house 


collected 


garbage, 67,454 de- 
England Sanitary 
reduction works of 
The remainder, 


tons 
Product Co., and 
the company at 
amounting to 11,161 
the total quantity collected, was dis- 
suburban district contractors and used, 
extent, for the feeding of swine 


were 
the 
conveyed to 

Spectacle 
tons, or 
posed of by 
to a less 
city limits. 
combustible 

the 
Ave., where 
and the 
upon 

combustible 


12,050 tons 
Hecht’s 
sorted, a 
the ashes 
The re- 
amounting to 


refuse, 
destructor at 


and 
refuse 
the material is 
remainder 
the dumping 
waste and 
was disposed of upon dumps. 


waste 


burned, 
scows. 
maining refuse, 
1,516 

The market 
city, amounting in 
Table I, 
disposed of at 


total 


tons, 
from the downtown section of the 
1908 to 9,382 and included in 
were discharged upon the dumping scows and 
sea with the ashes and other refuse, the 
carried to being thus 96,382 Market 
other sections of the city were disposed of 
with the house dirt and 
quantities of refuse are disposed of by 
which negligible in considering the 
for instance a number of hotels and restau- 
rants dispose of their own garbage. Also, several per- 
ons have established routes for the collection of paper, 
which is understood to yield them some revenue. 
Further information in regard to the distribution of 
the not including market waste, and the 
cost of its collection and disposal will be gathered from 
the two diagrams forming part of this report (Figs. 1 
and 2). 

The contract with the New England Sanitary 
Co., 


wastes 
tons, 


sea tons. 


wastes from 
in connection 
Small 


means, 


ashes. 

other 
are general 
question; 


city’s refuse, 


Product 
under which 86% of the total garbage collection of 


The contract of the City Refuse Utilization Co., which 
expired on Sept. 15, 1908, and which has been renewed 
with the privilege of terminating it upon thirty days’ 
notice from either party, is in some ways peculiar. The 
city pays an annual amount of $5,500 to the company 
[49 cts. per ton in 1908], and in addition pays $11,500 
per year for Hecht’s Wharf location for the plant, 
the this property, the total 
cost of the plant to the city being thus in the neighbor- 
hood of $20,000 per year. The character of the waste 
delivered to the plant is very largely such that there is 
no authority under the ordinances for its collection. 
It is therefore probable that, under a strict interpreta- 
tion of the ordinances, the city is paying in the neigh- 
borhood of $20,000 a year for the disposition of refuse 
to which it has no title and which it is not obliged or 
authorized to dispose of. In case it is found advisable 
to continue this method of collecting and disposing of 
this class of refuse, arrangements can doubtless be made 
which will insure greater advantage to the city than has 


as a 


besides paying taxes upon 


hitherto been the case. 
The report next deals with the general’ as- 
pects of the reduction process of garbage dis- 


posal and then takes up the incineration of mixed 
refuse in much the same way. It notes that 
save for the recently-purchased plant at Cleve 
land, O., all garbage reduction works are owned 
and operated by private companies [but it over- 
looks the plant now under 
Columbus, O.]. The report gives 
the common idea that reduction 
ways actual nuisance, 
absolute 


construction by 
expression to 
works are al- 
not so as a 
necessity. It is stated that 
reduction works have 
once on account of having been a 
that although now located in a 
harbor the plant still gives rise “to complaints 
of unpleasant odors. For this reason, and on 
account of the difficulties of enforcing a separa- 
tion of garbage from other refuse, the Com- 
mission favors incineration rather than reduction. 
Another advantage of incineration mentioned 
in the report is based on the assumption that 
refuse destructors might be located in centers 
of heavy production of refuse, thus reducing the 
transportation charges. It is also stated that 
the mixed system of collection, made possible 
by incineration, would tend to reduce the odors 
from garbage in warm weather, through the 
mixing of ashes with the garbage. 


an 
matter of 
the 


though 
Boston moved 
nuisance afd 
island in the 


been 


The chief disadvantage of the proposed method 
of burning all wastes is the additional eost, 
which “with the best management” is placed at 
about 75 cts. per ton. It should be remembered, 
here, that ashes and other refuse in large quan- 
tities are got rid of by dumping. 

As to the tentative offer, made last year, for 
a combined disposal plant, in which garbage 
would be reduced for the recovery of grease and 
fertilizer and all other wastes would be burned, 
the Commission considers that this would be 
practicable and might be advantageous, but 
only if both collection and disposal were done by 


contract. Municipal operation would be par- 
ticularly questionable, the Commission thinks, 
because so many commercial operations are in- 


volved, which city governments cannot as a rule 
handle advantageously. A long-term contract 





of opinion that it would be to the advantage of the city 
in either case to do the work by contract and, if a suit- 
able contractor can be found, that it would be better to 
let the entire work of collection and for the 
whole city to one contractor. The reasons in favor of 
this view are briefly as follows: 

They believe that the work can be done more cheaply 
by contract, as contractors have more control over their 
working forces than the city departments have over 
theirs. There is less chance for politics to enter in and 
more incentive to do the work economically. Especially, 
if a method of disposal is adopted in which there are 
products from the refuse to be sold, they believe that 
the city would be at a great disadvantage in disposing 
of such products as compared with a private concern. 
They also think it desirable that the city should escape 
a large investment in horses, 
ment, which assets of 
susceptible of great 
initial purchase if attended to by 
efficient officials. There other advantages of the 
contract system, as, for instance, that the more work 
that is let out by contract the less liability there is of 
having pensioners or incompetent or superannuated men 
on the city payrolls. Further, that it is an advantage 
to know just what the expense will be year by year, and 
not have the amount fluctuate violently according to the 
competence or incompetence of the head of a city de- 
partment. They find, from the experience of the city of 
Boston, that work of this character has been done by 
contract for much less than the cost by day labor, and 


disposal 


carts and similar equip- 
fast depreciating value 
and extravagance in 


are and 
their 


inexperienced or in- 


waste 


are 


they are of opinion that, with competent supervision, 
the work can be as well done by contract as by day 
labor. The danger that a contractor will employ in- 
efficient or low-grade and objectionable men or teams 


to collect refuse from the houses of citizens can, in the 
opinion of the majority of the commission, be readily 
overcome by suitable provisions in the contract. They 
feel that if the city officials having charge of the en- 
forcement of the contract show any disposition to do 
their duty, there will be no difficulty in detecting the 
contractor in the violation of such provisions, because 
practically every citizen will be glad to complain of any 
inconvenience to which he may be put by the contractor 
or his men. 

Mr. Huddell dissents from the 
commission in the foregoing recommendation that the 
work should be done by contract. He feels confident 
that the city would give better service than a contrac- 
tor, because the city would employ men of a_ higher 
grade and citizens of Boston exclusively. He holds 
also, that the large saving shown in the Sanitary Divi- 
sion during the last year, over the expense incurred in 
the preceding one, shows that the work can be econom- 
ically done under the 


other members of the 


supervision of city officials by 
day labor, if the control of the department having 
charge of the work is kept in competent and efficient 


hands. He therefore believes that the best solution 
would be to allow the work to continue in the hands of 
the city, but to see that such provisions are made, by 
suitable legislation or otherwise, as will insure an effi- 
cient administration of the Sanitary 
Improvements in the 
disposal service of Boston 
years are certified to by all five members of 
the Commission, except Mr. Emerson, under 
whose direction the work has been. 


Division. 
refuse collection and 


during the past two 


Definition or Description of City Wastes to 
be Removed at Public Expense. 
The report includes a proposed ordinance 
stating what wastes shall be removed hereafter 
at public expense, as follows: 








i008 was disposed of, involves the treatment of the would be necessary for such a combined dis- ae Pe pias ORDINANCE. 
: ; " aici . “Be it enacted," etc. 
material by a reduction process, extracting some prod- posal system. : “The Street Department shall remove and dispose of 
ucts of pecuniary value, the principal of which is grease. It is interesting to note that the labor-union the following classes of refuse from houses and from 
The city ays the company $52,400 per year and the . is oo, a a ae . housekeeping apartments or tenements, free of charge 
. = a a S JI nf Fry [The average cost per ner ee. ee while signing the to the producers of such refuse and to the owners and 
ee ee mene Mr 7‘ ee 8 ; report, does not agree with the recommenda-_ occupants of such houses, apartments and tenements, 
to the city for the amount located by e company in p eran ae rn viz.: Swill and kitchen garbage, dust and sweepings, 
1968 was 78 cts.] tions for avoiding all day labor work. We ashes from fires used wholly or principally for heating 
Having regard to the magnitude of the plant neces- uote the majority and minority opinions on or cooking, waste paper, cardboard, string, packing 
: = : = ~ — ~ —— = = 
TABLE I.—QUANTITIES OF REFUSE COLLECTED IN THE CITY OF BOSTON DURING THE YEAR ENDING JAN. 31, 1909. 
-————_Names, Numbers and Estimated Populations of Sanitary Districts —-——— + 
South North 
South East Charles- West Dor- Endand and West 
Quantity. Boston. Boston. town. Brighton. Roxbury. chester. Roxbury. Back Bay. Ends. Totals. 
(tons of 2 3 4 5 6 7 Sand 10 
Material. 2,000 pounds.) (72,000) (56,000) (40,000) (24,000) (39,000) (103,000) (116,000) (103,000) (77,000) (630,000) 
ROE So uweasds. saenwsesonee SUN OO PONE ii bow cs koe 0s 23,379 16,490 17,025 11,465 22,049 40,697 41,735 73,506 65,240 
Average per day®........ 75 53 55 37 71 130 133 235 209 
i MRE « cciccuhaedievemudls Total TOP VOOR ....ccocs evar. 4,920 5,806 3,317 3,125 5,409 10,909 10,556 22,993 11,580 
Average per day*.......... 16 18 11 10 17 35 34 aia _3T 
Waste and rubbish .......... TORRE PI Fan 6 koe Sex. 315 2B tin pm) a emeeel. » eee 580 7,403 5,268 
Average per day*.......... >. “Swe: -" ““Seaa, © teeae.” "ages.  Seueeeen 2 24 1i : 
Market refuse..... CO I ec cabaoce 8° <7 Spee” > Uedee “A*. epee’ 8 0=— eae OU ER Cee - 2  Ctea are 9,382 
Average per day*.......... ere Bia ok bi ee Side) eee, leat eG 30 
(ae baa: eee eee po ne 28,614 22,296 20,342 14,590 27,458 51,606 52,871 103,902 91,470 
Average per day*.......... 92 71 66 47 88 165 169 weed 29% 
*Six days per week, 312 days per year. 
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erial, sticks, wood, rags, waste leather and rubber, 
ces, barrels, broken furniture and other similar light 
ombustible refuse; tins, bottles, jars, broken glass. 
ken crockery, bones, shells, waste or broken metal 
all other similar heavy or incombustible refuse. But 
department shall not so take any such refuse from 
rels, apartment hotels, restaurants, licensed lodging 
ise nor from any other buildings whatever except 
se first hereinbefore enumerated and except build- 
s occupied by the city, and the department shall not 
take the refuse of manufacturing or mercantile 
iness, nor dead animals, manure, grass, garden 
fuse, leaves, plaster, building materials, earth or 
mes, except from premises occupied by the city, but 
department shall take and dispose of any refuse 
on payment by the producer thereof to the city of 
h compensation as the Superintendent of Streets shall 
mm time to time prescribe.” 
In view of the care bestowed upon the terms 
the recommended contract, we reprint the 
mmittee’s recommendation in _ full, which 
suld be quite as useful in nearly all particulars 
any other city than Boston: 


necommendations as to the Contents of any 
General Contract for the Collection and 
Disposal of Refuse. 


(1) The scope of the contract should be clearly de- 
ned. The classes of refuse that shall be taken and 
iat shall not be taken should be specified, as well as 
he classes of buildings from which refuse shall be 
iken, and the classes of buildings from which refuse 
hall not be taken, except on payment by the producers 
the refuse. For this purpose the commission refers 
to the proposed ordinance, set forth [just above], as a 
sirable basis for such enumeration of the material 
be taken and not to be taken under the contract; but 

e contract should also provide that the contractor 

ill remove other refuse upon payment to him of a 
xed or of a maximum fee per load, barrel or other 
easure. The contract should further provide that the 
mtactor shall receive at his transportation stations, 
id convey thence for disposal with the other refuse, 
uch refuse as may be brought there by persons other 
than the contractor, and should fix a maximum charge 
per load, barrel or other measure, which may be made 
by the contractor for such receipt and disposal. This 
provision, however, should be modified to meet the 
ictual conditions under which the contractor proposes 
to do his work, as, for instance, if he should have one 
transportation station for combustible refuse alone, he 
hould not be obliged to receive at that station refuse 
of a different character which might interfere with his 
work. 

(2) The contract should contain a provision that the 
ity does not represent itself to be the owner of the 
efuse, and that failure on the part of the producers of 
refuse to allow the contractor to have it shall not make 
the city Hable to the contractor, nor be held to justify 
the contractor’s default in fulfilling any of the require- 

ents of the contract. 

(3) If the method to be employed by the contractor 
requires more than one separation, the contract should 
mtain a provision that failure on the part of the 
ouseholders, or others, to separate the refuse, from 
vhatever cause arising, shall not be held to justify the 
ontractor’s default in fulfilling any of the require- 

ents of the contract. 

(4) The contract should provide that the system and 
ippliances used by the contractor shall be such as will 

ve at all times a satisfactory quality of work and 
results, and if it appear at any time that such quality 

not given, the city may order the contractor to make 
uch changes as will result in the desired standard of 
fficiency, and the contractor shall promptly conform to 
uch order; but the failure of the city to make such 
rrder shall not be held to relieve the contractor from 
ny of his obligations under the contract. 

(5) The contract should contain a provision that the 
ontractor shall employ competent workmen for their 
espective services and shall, when so required by the 
uperintendent of Streets, discharge any disorderly, 
nsubordinate or incompetent employee. None but skilled 
vorkmen shall be employed on work requiring special 
ualifications. The contractor shall employ competent 
‘remen in sufficient numbers to supervise the work. 
lousing and boarding accommodations provided by the 
mtractor for his employees shall conform to the regu- 
itions of the city in regard to structural fitness, mini- 
um air space per capita and maintenance in a sanitary 
mdition. Facilities for bathing, including an ample 
upply of hot water, shall be furnished by the con- 
actor for his workmen, and suitable regulations for 

uring the cleaning of workmen engaged in specially 

rty work, and the washing and drying of their 
othes, shall be made and enforced by the contractor. 
he contractor’s employees shall be provided by him 
th suitable uniforms of such distinctive character, 

‘proved by the Superintendent of Streets, as_ will 

able the wearers to be readily identified. Sufficient 

anges of uniforms must be provided, so that the em- 
oyees shall maintain a neat and satisfactory appear- 
ce at all times. 

(6) The contract should provide that the carts and 
igons used by the contractor shall be of patterns 





approved by the Superintendent of Streets, that they 
shall be kept neatly painted and properly cleaned and 
shall bear in legible characters conspicuously displayed 
the name of the contractor and a distinctive number 
for each cart or wagon. None but metal vehicles shall 
be used for the collection of garbage. The horses used 
by the contractor shall be well fed, groomed and other- 
wise adequately cared for at all times. No draft horse 
weighing less than fourteen hundred pounds shall be 
used. 

(7) The contract should specify the number of times 
a week that the various classes of refuse shall be 
removed from the premises of the producers of it, or 
should contain a provision that the Superintendent of 
Streets may regulate this matter from time to time 
according to the seasons, the needs of the various dis- 
tricts of the city, or other causes influencing the desir 
ability of a more or less frequent collection. 

(8) The contract should provide that the contractor 
may treat the refuse received by him in such manner 
as he may see fit, provided that such treatment shall be 
sanitary and inoffensive, and that the refuse shall be 
destroyed or rendered thoroughly harmless and unob- 
jectionable. The necessary plants for these purposes 
may be located at Spectacle Island, or at any other 
place or places approved by the Superintendent of 
Streets; but the contractor will be held responsible for 
any damage arising from his operations in this, as in all 
other respects, and shall have no claim upon the city in 
the event of his having to find new locations for such 
plants or any of them. The contractor may use inland 
dumps for disposing of refuse free from manure, gar 
bage, paper and putrescible or combustible matter. The 
condition of such dumps must be at all times satisfat 
tory to the Superintendent of Streets, and no refuse shall 
be transported to dumps within the city unless their 
location has been approved by him. No floating mate 
rial and no garbage, nor any solid refuse of garbage 
after being subjected to treatment, except thorough in- 
cineration at a high temperature, nor any offensive 
liquid, shall be dumped or discharged by the contractor 
into waters within the city, nor into Boston Harbor, nor 
into the waters within, i. e., west of, a line drawn from 
Minot’s Light to Egg Rock Light. 

(9) If a general contract for the collection of gar 
bage is made, it will probably be desirable to sell to the 
contractor the present equipment of the Sanitary Divi- 
sion, including horses, harnesses, carts, etc., and a pro- 
vision for such purchase, together with the purchase 
price, should be included in the contract; provision 
should also be made in it for selling or letting to the 
contractor such of the city’s stables and other buildings 
as are now used by the Sanitary Division, and which 
will no longer be necessary to the city if the contract 
is made. And the contract should set forth specifically 
and fully the terms of any such sale or lease. 

(10) The contract should also provide that the city 
will furnish for the use of the contractor three city 
wharves, such wharves to be the only places used by 
the contractor for dumping refuse into scows, provided, 
however, that the city may at any time resume occupa- 
tion of one or more of such wharves on substituting 
equivalent facilities, of which the Superintendent of 
Streets shall be the judge, for the contractor's opera- 
tions, and the contractor shall have no claim against 
the city on account of such resumption or substitution 
The terms upon which these wharves shall be furnished 
as to rent, taxes, repairs, etce., are matter of bargain to 
be determined at the time the contract is made 

(11) The contract should provide that in case of emer- 
gencies, such as fire, flood, etc., the contractor may, 
without additional cost to the city, use such methods 
for collecting, removing and disposing of refuse as may 
be approved by the Superintendent of Sireets, and for 
such time as he may specify; but if in any other case 
the contractor shall fail to collect, remove and dispose 
of the whole or any portion of the city refuse as re- 
quired by the contract, the Superintendent of Streets 
may give notice thereof in writing to the contractor; and 
if such failure shall continue after such notice for more 
than forty-eight hours, the city, using any labor or 
materials and, at its option, the whole or any part of 
the equipment and plant of the contractor, may do the 
work which the contractor fails to do, and the city 
may deduct from any sums due or to become due to 
the contractor under the contract the amount expended 
by it in performing such work, on the certificate of the 
Superintendent of Streets, and such certificate shall be 
conclusive as to all facts stated therein. The provi- 
sions contained in this article are not to exclude other 
remedies for breach of this contract. 

(12) In case of any difference of opinion between the 
contractor and the city, not affecting matters left in the 
contract to the decision of the Superintendent of Streets 
or expressly excluded from consideration, it should be 
provided that such difference shall be left to arbitration 
in the usual form, the arbitrators to be appointed in 
the usual manner, and the reasonable expense of any 
arbitration to be placed by the arbitrators upon both or 
either of the parties to the contract, as shall appear to 
the arbirtators to be just. 

(13) There should be included in the contract a 
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chedule of deductic in the nature of liquidated dam 
ages, which the Superintendent of Street hall have 
power to order taken from the periodical payments to 
the contracter, in case of small omissions apd failures 
on his part to perform the contract to the satisfaction 
of such Super nt \ or it n 

(1) Neglecting to remove refuse, $ hous 

(2) Carts or wagons not covered, overloads not kept 
reasonably clean, or in need of painting or marking 
$ each. 

(5) Garbage kept longer than .. hours before re 
moval from wharf or other place of deposit, §$.. per 
load. 

(4) Refuse pilled and not immedi ly ned up 
$.... per each case 

(5) Neglect to replace refuse receptacles, $.... per 
ach case 

(6) Failure to wear the prescribed uniform, or wear 
ing uniform in unsatisfactory condition, $ . per day 


per man 





Design and Cost of Reinforced-Concrete 
Highway Bridges.* 
By A. N. JOHNSON.?+ 


This paper presents some cost data of highway con- 


crete bridges built in 1909 under the specifications and 
supervision of the Illinois Highway Commission Under 
the law creating this commission, it can (upon request) 
give local officials advice concerning roads and bridges 


The work is purely advisory and can be undertaken only 
at the invitation of the loc 


al officials, who may or may 
not accept the advice offered 
The inspections, plans, estimates, specifications, and 
supervision given to the work by the commission upon 
request are all without charge to the township or local 
community The fact that in the past they have built 
sO many poor bridges at a price oftentimes too great 
has induced many township officials, 


< b . as well as county boards, to seek the 
: x aid of the commission in designing 
: 3 and erecting bridges. The more this 


work has become known, the greater 
has been the demand, until at pres- 
ent 502 bridges have been inspected 


and reported upon, complete plans 





made for bridges and 202 bridges 














Half Cross-Section of Typical Design for Through- 
Girder Reinforced-Concrete Bridges; State High- 
way Commission, Illinois. 


‘ompleted or under contract, of which 137 are of rein- 
forced concrete 

Probably a majority of the bridge sites in Tllinois 
have a low headway. Foundations usually must rest on 
earth; in many instances it becomes necessary to drive 
piles, in order to give sufficient bearing. It is excep- 
tional that the rock approaches near enough to the sur- 
face to found the abutments on it Therefore, it be- 
came necessary to adopt such a design as would give 
maximum clearance and waterway, and be adapted to an 
earth foundation We developed a through girder con- 
‘rete bridge having two girders to which the floor ts 
hung; in this way we use a mintmum of clearance’ and 
give a maximum waterway for a given distance between 
abutments 

This type of bridge has its limitations. A bridge sup- 
ported by two girders to which the floor fs hung ts lim- 
ited as to width of roadway for a given span and also 
as to length of span. It was found, however, that, 
where the roadway is not required to be over 18 or 20 
ft. wide, this type of bridge proved economical up to 
spans of 40 to 60 ft., as compared with arches having 
the same area of waterway and designed to carry the 
same loads. While the tops of the girder bridges are 
heavier than would be required for arches, yet, owing to 
the fact that there is no horizontal thrust developed. the 
abutments do not need to be as extended or as heavy. 
There is, therefore, less concrete for the width of road- 
ways named (taking the abutments and superstructure 
as a whole) in the through girder design than for arches, 
as above. In appearance the girder bridges are massive 
and well adapted to their apparent purpose, having In 
general a not unpleasing outline 

Perhaps the greatest advantage possessed by the gir- 
ler type over the arch is the slight damage (if any) to 
the former in 





the event of uneven settlement of the 
abutments, such as is verv apt to occur in many of the 
soil conditions encountered Such displacement of the 
*Ahstroet of a vaner presented at the annual meeting 
f the Tilino's Society of Engineers ana Surveyors, at 
Cairo, TI Tan. 26. 28 1910 

*State Highway Engineer, Springfield, Il 
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abutments of an arch would be extremely hazardous to 
its stability. 

DESIGN.—The formulas used in the design of these 
bridges have been reduced from the general formulas 
developed by Prof. A. N. Talbot and others. The form 
in which we use them is that most convenient for bridge 
design. The first factor to determine is the stress to 
be allowed in the concrete and the steel, which, when 
once fixed, determines the percentage of steel reinforce- 
ment. The compression allowed in the conerete is 750 
ibs. per sq. in. for concrete 60 days old, with a cor- 
responding stress in the steel in tension of 16,000 lbs. 
per sq. in. This corresponds to practically 1% rein- 
forcement. 

To compute the dimensions of a girder withstand 
a given bending moment (M) where (b) is the breadth, 
and (d) the depth from the top of the beam to the center 
of gravity of the steel (using the 
will have 


to 


above stresses) we 


M 0.853 
As usually assume 
the simple form 


x 16,000 
b 


bd2 0.01 


this reduces 


we and desire d, to 


/ 
a= | M 
\ 136 b 

For computing the depth of T-beams accompany- 
ing cut), the width of the flange (b) assumed, and 
the depth is then computed by the above formula, but 
always making the depth of the flange than 
25% of the value found for (¢d). 

To provide against diagonal tension in the webs of 
beams, U stirrups are used where the shear in the 
exceeds 30 lbs. per sq. in. The amount of 
steel-to be provided is found thus: Let (V) be the‘ total 
shear in a given section of the beam. The steel (stressed 
at 16,000 lbs.) necessary to carry 0.6 V is distributed 
along the beam for a distance equal to the height of 
the beam (=d). For example, if V = 200,000 Ibs., 
0.6 V = 120,000 Ibs., which would require 12.5 sq. ins. 
of steel. If the value (d) of the beam is 60 ins. there 
is required 12.5 sq. ins. of steel for 60 ins., or 0.208 sq. 
ins. of steel per inch of girder. A U-shaped stirrup of 
%-in. square rod would have in both legs 1.12 sq. ins., 
which divided by 0.208 will give the spacing for the stir- 
rups. In this case it would be about 5 ins. for the first 
60 ins. along the beam. In the next section a new value 
for the shear would be computed, and the rods and stir- 
rups spaced accordingly, as we usually compute the 
shear for sections which are arbitrarily spaced along the 
beam equal to its depth (d). 

The thickness of the web of the T-beams should be 
investigated for horizontal shear. Usually, however, 
the governing factor in determining the thickness of the 
web is the space required for the reinforcing rods. 

The dead loads for all concrete bridges are taken thus: 
Concrete at 144 Ibs. per cu. ft., crushed stone at 90 Ibs., 
and earth at 100 lbs. per cu. ft. Live loads are uniform 
125 Ibs. per sq. ft. and concentrated live load of 24 tons 
distributed on two axles 10 ft. apart (8 tons on the 
front and 16 tons on the rear axle). The load is taken 
as applied over a width of 12 ft. The moment for both 
uniform and concentrated live loads computed, and 
the greater combined with the dead load moment to de- 
termine the girder and floor dimensions. 


(see 


is 


not less 


concrete 


is 


COST DATA OF REINFROCED-CONCRETE BRIDGES BUILT IN 1909. 


Height 
Clear of 
Open- Road- Abut- ———- 
i way, ments, Concrete, 
ft. 


Stahlhurtt 

Geo. Schreiner 
Cronkhite 

West Avery 
Cares ee AR 
Thompson 


Joe Hatter 


Derickson ait 
Jeoun Laweon........... 
aa 
Culvert No. 1-6.... 
Scotts ea ere ey 
Edw Peterson 

Lamb 

Fulier 

Dog Bridge 

Lillis Creek 

Philips 

Sornburger 

Creamery 

White 

Slough 

McCouhey 

Dri. Stassen 

McNair 

Schoeber 

Roper 

Stockland 

Cligett 


Boyd 
Mud 


me bah fa fh fh bh le 


_ 
IDNWOUWH HAI DP SMADHWAN 


pan eet fe tt bt eh fe 


ay 


Creek 


Substructure 
—_A_.. 


Steel, Concrete, 
2,927 
1,652 
1,290 
1,926 


CONCRETE.—The character of the concrete is a fac- 
tor governing the cost. The specifications provide for a 
1:2%:4 mixture for reinforced work. This was deter- 
mined upon after considerable experience with a 1:24%:5 
mixture, which did not secure an altogether satisfactory 
finish. As much of the surface of the concrete is ex- 
posed in bridges, a smooth, close-grained surface is 
particularly desirable. If a smooth finish is to be se- 
cured, (1) the forms must be carefully made and kept 
true to alinement, and (2) the concrete must contain suf- 
ficient mortar to more than fill all voids in the aggre- 
gate. This not secured satisfactorily when the pro- 
portion of mortar to the aggregate is 50%, as in a 
1:2:4, 1:2%:5, or 1:3:6 concrete. The specifications were 
therefore changed so that the proportion of mortar to 
the aggregate varies with different classes of concrete, 
according to the purpose for which it is to be used. 

In reinforced work, we have endeavored to use a con- 
erete which will have a volume of mortar about equal 
to 60% of the volume of the aggregate. Such an amount 
of mortar is not necessary where the concrete is placed 
large masses, but in most reinforced work the con- 
crete must be placed around the reinforcing rods and 
molded closely against the forms, which are not a great 
distance apart. Under these conditions, if honeycombed 
effect is to be avoided with the workmanship ordinarily 
secured, concrete with more than 50% mortar should 
be used. gravel concrete, the amount of cement to 
be used is proportioned according to the amount of sand. 
The amount of aggregate that may then be allowed de- 
pends upon the voids in the aggregate, mortar being 
supplied to at least 60% of the voids for use in rein- 
forced Aggregate for this class of construction 
moreover should not exceed 1l-in. in size if it is to be 
satisfactorily placed about the reinforcement. 

The specifications do not call for any particular kind 
of reinforcement, other than it must have some means 
of rigid mechanical bond at frequent intervals. In 
nearly all the work so far done square, twisted, rods 
have been used. , 

FORMS.—The specifications and drawings provide for 
rigid forms Particular attention is paid to the bents 
supporting the structure during construction. It is evi- 
dent that great care must be exercised to prevent any 
settlement of the girders while the concrete is harden- 
ing, when it is borne in mind that, for spans of 40 to 
60 ft. the girders and floor weigh 6 to 7 tons per run- 
ning foot. The plans for the longer spans require that 
the bents supporting the forms shall rest on piles firmly 
embedded, unless the stream bed is of such a character 
to make this unnecessary. But such a condition is the 
exception. In a number of instances the contractor has 
put in concrete footings flush with the bottom of the 
stream bed to support the bents. 

COST.—The cost data given in the accompanying ta- 
ble were collected by the resident inspectors in the em- 
ploy of the State Highway .Commission. They kept a 
daily record of all labor for each portion of the work, to- 
gether with the quantity and cost of all materials. The 
cost of materials was generally obtained from the bills, 
and the prices secured from the contractors. The 
amounts given, therefore, do not contain any allowance 
for the office maintenance of a contractor’s organization, 
no traveling expenses of the contractor, nor any allow- 
ance for profit. Also, in the cost for forms, deduction 


is 


in 


In 


work. 


has been made for the actual salvage on all lum 
but as most of the work was in the country there wis 
little opportunity for the contractor to dispose of ths 
material to advantage. All the work noted was do 
during 1909; other work was done but the data we 
insufficient for inclusion in the table. 

In a number of instances the actual cost to the co - 
tractor was greater than his contract price. It is w 
to consider what were some of the causes for such r 
sults. Incompetency on the part of the foreman 
probably the most usual cause either of direct loss 
the contractor, or at least a great reduction in the pro 
reasonably to be expected. The loss usually occurr 
in the foundation portion of the work. Sufficient pr 
caution would not be taken to prevent caving, with t 
result that a large amount of extra material would 
shoveled from the bottom of the trench to the 
Good sheeting well braced is usually required. 

In a few instances, increased cost to the contract 
was occasioned by doing part of the work twice, owir 
to the use at first of poor materials which had to be r 
placed. In some instances foremen were found wit 
could scarcely read the plans, and. (except for the a: 
sistance of the inspector) would have had a sorry tin 
of it. Others had no control over their men, who loafe 
or worked much as they pleased. It is evident tha 
under such conditions no profits could be expected 
Probably all the contractors intended to send compete: 
men, and possibly sent as good as they could get. Bi 
when good men are scarce, it is not to be expected th 
they will be attracted by a poor salary. An adequat 
wage will usually secure competent foremen. 

Money was also lost on some jobs through ignoran 
on the part of the contractor in making his bid. In 
few cases contracts were taken at prices 30% and 40 
below the estimate. The bids from experienced cor 
tractors at the same letting would be for a rational sun 
There should be some way by which a bid manifestly too 
low (for bridges or other public works) could be rejected 
as readily as bids that are too high. To accept a bid 
that is too low is unfair to the reasonable bidders, takes 
unfair advantage of the contractor making the low bid 
and (by putting a premium on poor work) is unfair to 
the taxpayers. 

The cost data should afford some guide in making 
bids on similar work. Owing to the great variance in 
conditions it is impossible to state what price should b¢ 
secured for reinforced-concrete bridges to insure in a 
given instance a reasonable profit. It will be noticed 
that the cost per cu. yd. of concrete varied as follows 


tc 


» to 


Sand (excluding gravel concrete).... 
Gravel 

Forms 

Placing steel 

Mixing and placing concrete 
Excavation 


$6.54 

From such a wide variation, it becomes apparent tha! 
averages will help but little to estimate the cost of a 
particular job. One of the most uncertain features of 
this class of work is the cost of the excavation. It 
would probably be a more exact method of distribution 
if the cost per cu. yd. for the foundation were given 





cr 


Superstructure 
Total 
concrete 
cu. yds, 
2Y.62 
69.16 
58.00 
16.00 
47.45 
TV.00 
71.80 
46.50) 
42.00 
54.85 
38.67 
154.44 
43.15 
41.89 
60.12 
5S.SU 
51.63 
48.37 
84.25 
117.33 
$1.91 
85.17 
116.80 
90.09 
64.07 
91.24 
62.99 
64.53 
86.30 
68.82 
93.23 
122.00 
123.80 
109.80 
135.20 
126.58 
138.75 
206.07 


Steel, 
Ibs. 
670 


Cement. Stone. 


$2.44 
0.77 


Ibs. 
SOO 


cu. yds. 
6.91 
7.42 
11.45 
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~ 
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i 9133 
11.85 
17.13 
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“Im* +: 
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454 


3.910 
3,910 
3,910 
3,910 
4,910 
3,910 
5,006 
5,006 
5,416 
5,416 
5,085 
6,786 
11,044 
8,956 
8,956 
13,784 
10,925 
14,172 
20,338 


Sts tsts. 
HHH HOT: ° 

" 

<) 


Vshdstsh 


fh he fa tak ah eh ih eh PD et DDE 
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65.00 
Y7.07 


5 


*Stone furnished free to contractor, except freight and hauling, 


$0.61 
0.80 





Cost per cu. yd. 
Excava- 
Mixing tion per 
placing cu. yd. 
con- con- 
crete. crete. 
$1.61 $1.28 
1.56 


Total 
cost 
per cu. yd. 
concrete. 


Steel 
in 
place. 
$1.16 
0.81 
0.80 
2.41 
1.53 
0.84 
1.28 
1.13 
1.26 
1.72 
1.44 
89 
24 
43 


51 


Sand. Forms. 

$1.50 
1.71 
1.59 


Gravel. 


Jn pu- 


tl Bor) 
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arately from the superstructure, charging all of 
excavation against the concrete going into the foun 
on. This, however, was impossible from the data at 
nd. But the amount of concrete in each portion of 
structure is given, which will assist in determining 
proper distribution of the cost. 
n general it may be said that (unless materials were 
eptionally near at hand and obtained consequently 
much lower cost than usual) there has been little 
ofit to the contractor in this class of work at a price 
ich less than $10 to $12 per cu. yd. It does not fol- 
w, however, that all of the work let at a less figure 
been at a loss to the contractor, or that all jobs let 
a higher figure have been at a profit. Some of the 
ork let at a good figure was so badly managed as to 
it all the profits and cause an actual loss to the con- 
ractor. As the data here given include work both well 
nd badly managed, this fact should be borne in mind 
n attempting to draw exact conclusions. But it is be- 
eved that these data, if used with judgment, should be 
1f considerable help to engineers and contractors in 
1aking estimates on similar work. 


——~4 


The Greater Pittsburg Sewerage and Sew- 
age Purification Orders. 


There bids fair to be a metropolitan sewerage 
ind sewage purification district for the city of 
Pittsburg, Pa., and a number of near-by bor- 
ysughs and townships. Already some preliminary 
investigations looking to joint action have been 
made, and orders have been issued to the sev- 
eral municipalities to submit plans for sewage 
treatment to the State Department of Health. 
The most notable of these orders, three in num- 
yer, were placed in the hands of the mayor of 
Pittsburg on Jan. 31, 1910. Taken together, they 
‘over the whole of the present city of Pittsburg 
(which now includes the old city of Allegheny 
and other annexed territory). In addition, they 
strongly suggest or urge that a number of out- 
lying municipalities be included. 

We have called the documents orders, but 
technically they are permits, with attached con- 
litions which have the effect of orders Each 
irder or permit resulted from an application by 
the city authorities of Pittsburg for permission 
to make extensions to the sewerage system of 
Pittsburg. These applications have been made 
a convenient basis for insisting on the formu- 
lation of plans for a complete system of trunk 
sewers and of sewage purification works for 
the city of Pittsburg. 

The city is given until Dec. 1, 1911, to prepare 
nd submit plans for the approval of the State 
Health, and is given assurance 
f an extension of time, if that becomes neces 
provided due shown in at- 
tempting to comply with the orders. 

We are indebted to Mr. F. Herbert Snow, M. 
Am. Soc. C. E., Chief Engineer of the Penn- 
<sylvania State Department of Health for the fol- 
lowing general statement of the reasons for 
issuing these orders and for seeking joint action 
on the part of the several communities: 


Department of 


sary, diligence is 


In the Greater Pittsburg district there are about two 





yre of individual municipalities operating under the 
borough form of government whose water-supply problem 
is more or less mmon one, as well as their sewage 
disposal problem The topography is extremely rugged, 
the slopes precipitous and the valleys of the streams and 
ravines are narrow The land bordering the Ohio River 
and the Monongahela and Allegheny rivers is the most 
valuat 1. It has been acquired and is used for 


le 
industrial purposes So also have most of the lands 
been occupied in the valleys of the 
the district The 


tributary streams in 
rivers and natural water courses re- 
ceive the outflow of all sewers Consequently there are 
water-supplies are either 
from the ground or they are taken from the 
streams and the water is filtered. The principal ex- 
ception is that of the North Side, formerly Allegheny ’ 
City, where raw Allegheny River water will be furnished 
the consumers as in the past until the projected exten- 
sions to the city water-works system are completed. 
_ In 1905, when the new State Department of Health 
was established, and Dr. Samuel G. Dixon assumed the 
duties of Commissioner, a study of the sewerage and 
water-works systems of the municipalities in the dis- 
trict was begun and from time to time decrees were Iis- 
sued until now most of the towns have been ordered to 
prepare comprehensive plans for sewerage systems for 
their entire respective territories and for some other 
method of disposal of the sewage than at present pre- 
vails Some of the towns are so grouped with respect 
to position and topography that joint intercepting sew- 
ers are evidently demanded. The economy and efficiency 
of main sewerage districts comprising several boroughs 
has been pointed out in the decrees of the Commissioner. 
It has come to be generally recognized and accepted as a 
rational conclusion that the policy of the State Depart- 
ment of Health as declared by the Governor Attorney 
General and the Commissioner of Health in the several 
decrees for a main drainage district that shall com- 
prehend the so-called Greater Pittsburg district, is a 
conclusive policy and that, therefore, there remains 
only the problem of working it out along practical lines. 
Hon. William A. Magee, Mayor of Pittsburg, has firmly 
grasped the situation and has already accomplished 
much in the way of water-works extensions, road build- 
ing and improved transportation whose benefits will be 
shared alike by the citizens of Pittsburg and the citi- 
zens of the outlying towns. The decrees issued by Dr. 
Dixon to the city of Pittsburg relative to sewerage in 
furtherance of the State’s policy for the district are not 
in opposition to but coincide with Pittsburg’s interest 
and the policy of Mayor Magee 

It is plain common sense that sewers should be built 

mnformity with a plan for sewers for the entire com- 

munity, nevertheless it is often the case that individual 
sewers are built regardless of such general plan and 
later such sewers may be abandoned or require rebuild- 
ing. The prevalent idea in the State Department of 
Health decrees is the compulsory adoption of a definite 
and comprehensive plan by the municipality and fol- 
lowing this adoption the building from time to time, as 
necessity may require, sewers in conformity with this 
plan. And since there are few favorable points for the 
erection of sewage disposal works in the Greater Pitts- 
burg District, or for the discharge of raw or partially 
treated sewage into the streams, it follows in conse- 
quence, as fully set forth in the decree of the State De- 
partment of Health to Pittsburg relative to the Saw Mill 
Run Drainage District and the Nine Mile Run Drainage 
District, and others, that a comprehensive sewerage plan 
cannot be studied and wisely settled without also study- 


many local nuisances. The 


drawn 








POPULATION AND WATER-SUPPLY OF PENNSYLVA NIA TOWNS ON OHIO RIVER BELOW PITTSBURG 


Approx. 
River Dist. 
bank below 
north city Popu- Water-works 
No. Municipality. or point, lation, Ownership. 
south. miles. est. Company or Town. Source of Supply. 
a eee er Ss. 2 1,000 Monongahela W. Co. Ohio River. Driven wells at river bank 
2. McKees Rocks.... Ss. 3 10,000 Monongahela W. Co. Ohio River. Driven wells at river bank 
Ohio Valley W. Co. Ohio River. Driven wells at river bank. 
a MEE: -aeceieees N. 4 8,300 Ohio Valley W. Co. Ohio River Driven wells at river bank. 
S,  -aeca eee a N. 5 5,000 Ohio Valley W. Co Ohio River. Driven wells at river bank 
5. Ben Avon........ N. 6 2,000 Ohio Valley W. Co Ohio River. Driven wells at river bank 
6. Emeworth ....... N. Z 2,000 Ohio Valley W. Co Ohio River Driven wells at river bank 
7. @GiepGeie” ....+ix« N. 8.5 (1,000) No Water Works System 
8. Coraopolis ....... s. 10 6,000 Coraopolis. Ohio River. Filter cribs. 
9. Hayesville ....... N. 10 300 Hayesville W. Co. Havesville Run 
10, GOUGERO sisceascs N. 11 500 Sewickley. Ohio’ River Filter cribs. 
11. Sewickley ....... N. 12 4,500 Sewickley. Ohio River Filter cribs. 
12. Edgewosth ....... N. 13 1.400 Edgeworth W. Co Ohio River. Filter cribs. 
13. Teetsdale ........ N. 14.5 2.300 Edgeworth W. Co Ohio River. Filter cribs. 
14. Ambridge ........ N. 16 5,000 Harmony W. Co Ohio River. Driven wells at river bank. 
Ambridge W. Co Ohio River. Driven wells at river bank 
15. Economy Vil...... N. 17 500 Harmony W. Co. Ohio River Driven wells at river bank 
Ambridge W. Co Ohio River. Driven wells at river bank 
16. Woodlawn Vil.... Ss. 18.5 2,500 Woodlawn W. Co. Ohio River Driven wells at river bank 
i; Tee cw ces De N. 20 500 Baden. Ohio River. Driven wells at river bank 
18. Aliquippa Ss 20 1,000 Aliquippa. Ohio River Driven wells at river bank 
19. Conway N 20.5 1,000 Beaver Valley W. Co. Ohio River Raw. 
2%. Freedom ert N 22 3,000 Beaver Valley W. Co. Ohio River Raw. 
21. Rochester ........ N. 25 6,000 Valley W. Co Ohio River Raw, Beaver River filtered 
22. Moneta ..... ste Ss. 25 3.500 Monaca Ohio River Filter cribs 
yo i N 26 4.000 Beaver. Ohio River Driven wells at river bank 
24. Industry Vil...... N 33 (200) No Water Works System 
23. Glasgow ...... oh N 38 (300) No Water Works System 
“6. Georgetown ote ot oat S 38 (200) No Water Works System 
70,300 Supplied with water 


ing the 


rapidly 


sewage disposal 
extending its 


problem Since Pittsburg is 
territory by annexation and it 
would appear to be a matter of a decade or so before the 
city territory will comprise mos ) he outlying towns 
the State authorities have concluded that the city, in 
studying its own sewerage problem, should include the 
area likely to become a part of the city in the future. 
The engineering work for the State has been done by 
the writer; that for the city has been done by Mr. N 
S. Sprague, Assoc. M. Am. Soc. C. E., Chief of the 
Bureau of Construction of Pittsburg Mr. Allen Hazen, 
M. Am. Soc. C. E., of New York City, has been engaged 
by the city to act as consulting engineer. 


Of the three orders issued one covers that 
part of Pittsburg having outlet sewers dis 
charging into the Allegheny, Monongahela and 
Ohio rivers, while the otl tw ! 


but important areas 
nate in Nine Mile or 


whose 


sewers now 
Saw Mill rivers. 
The Main 
The first of these 
them, devotes 


District. 
orders, as we have arranged 
considerable attention to floods 
and their relation to the sewerage system, but 
contains few definite beyond the 
need of giving careful attention to flood effects 
in designing sewerage improvements. We refer 
to this part of the report to show how thoroug 
going the orders are. 


suggestions 


The order next considers each of the present 
sewer outlets and the various 
districts of the former cities 
Allegheny and of 
then proceeds with a general discussion 
we quote, calling particular 
count of a 
enteritis and 
tation: 


minor drainage 
of Pittsburg and 
Outlying districts. It 
This 
attention to the ac- 
remarkable outbreak of 


typhoid fever 


some 


gastro- 
given in our quo 


Discussion. 

That public health is prejudiced by the drawing from 
sewage-polluted streams for sources of drinking 
has been thoroughly demonstrated Th 
on the banks of the 
Pittsburg, the 
ire given in the ac 


water 
towns located 
Ohio River in Pennsylvania below 
population and source of 
ompanying table. 

Seventy thousand people are now supplied with water 
by apparatus which is flooded all or a part of the time 
by sewage-polluted water, or which may be reached by 
such water and be the means of carrying into the homes 
of the water consumers a poison capable, under favora- 
ble circumstances, of producing sickness and death. 

Some of the driven-well piping is more easily reached 
water of the river than ofher piping. 
Breaks or leaks in pipe joints are liable to occur. 

In some instances raw river water is supplied to the 
consumers. Where the water is taken in through filter 
cribs located in the bed of the river there is an element 
of purification which throws the consumer off his guard. 
Any serious accident to the filter crib would mean the 
introduction of sewage poison into the water-works sys- 
tem and the innocent would therefore be caught una- 
wares. Even where the most perfect type of modern 
apparatus is built and operated with scientific attention, 
where every facility is afforded to regulate and control 
the treatment plant, none too high a degree of efficiency 
is obtained, and most sure it is that the crude filter, 
placed where it cannot be gotten at and repaired, falls 
short of the demands of public health where human life 
is placed in jeopardy. 

Even the best filter plant is Hable to break down. It 
is conceded by authorities that the interests of the pub- 
lic health demand that not only polluted waters should 
be filtered if used as a source of supply to the public, 
but the pollution of these waters in the first instance 
should be kept down to a minimum. 

As the accompanying table shows, the towns located 
on the banks of the Ohio River in Pennsylvania 
below Pittsburg having water-works, with one exception 
only, rely on the Ohio River for drinking water. The 
district 1s a flourishing one and as these new towns 
increase in population, which they are bound to do, the 
importance of conserving the purity of the Ohio River 
for the protection of public health will relatively in- 
crease. It is to be regretted that foresight concerning 
this important resource, next In !mportance to that of 
the food supply, had not received earlier attention 
However, it is not too late to effect a remedy. 


water-supply 


by the sewage 


An Outbreak of Gastro-Enteritis Followed by 
Typhoid Fever. 

A vivid illustration of the danger spoken of was 
afforded by the outbreak of an epidemic of gastro- 
enteritis followed by typhoid fever during January of 
the current year, in the district supplied by the Ohio 
Valley Water Company. This corporation unthinkingly 
mixed a quantity of raw river water with its ordinary 
supply of well water and pumped it tnto the distributing 
system, whereupon there immediately followed within a 
few. hours an outbreak of violent stomach disorder, to- 
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talling 3,706 cases and followed by 63 cases of typhoid 
fever In this district, on the north bank of the river 
and extending from Allegheny City, are the 
boroughs of Bellevue, Avalon, Ben Avon and Emsworth. 
North of Bellevue in Ross Township is Westview bor- 
together with the township and the above 
mentioned boroughs comprise the northern water district 
company. 


westward 


ough, which, 


of the 


On the south side of the Ohio opposite Bellevue is a 


thickly populated section of Stowe Township. On the 
eastern boundary of this township is the borough of 
McKees_ Rocks. McKees Rocks and Stowe Township 


form the southern water district of the company. 

At the present time the Ohio Valley Water Co. fur- 
nishes water to 35,000 people. 

On account of the elevation of the north district and 
its accessibility to Pittsburg, it has been rapidly devel- 
oped for residential purposes by the business men of 
Pittsburg In 1900 the population was 10,000. At the 
present time the population is estimated at 21,500. There 
is room for expansion and it would not be surprising if 
the territory would again double itself in population 
within ten years. 

The southern district is chiefly an industrial and rail- 
road community. The inhabitants are mainly employed 
various mills The growth of this section has 
also been rapid. In 1890 it was 9,200 and at the pres- 
ent time it is estimated at 18,000. 

Between these two water-main districts there are sev- 
eral islands located in the center of the Ohio River. 
The largest is Neville Island. It is five miles long and 
a third of a mile wide and most of it is above high 
water. On it are located several steel mills and at the 
upper end is the main pumping station of the Ohio 
Valley Water Co. 

Immediately above Neville Island and separated there- 
from by a narrow channel of the river, is Davis Island, 
and at the west end of Davis Island is located the Davis 
Island dam, hereinbefore mentioned. This structure ex- 
tends from the island across the river to the north bank 
collapsible. It is designed to keep a normal 
stage of water in the river 9 ft. deep during the dry 
weather season and is lowered during high water. From 
the west end of Davis Island to Neville Island and from 
the east end of Davis Island to the southern bank of 
the river there is a concrete dam which prevents the 
water from leaving the main channel of the river 

The Ohio Valley Water Co. supplies on an average 
of 3,000,000 gals. of water per day. Practically every 
northern water district is supplied by the 
company. It is estimated that the number of 
consumers in this territory is 21,500 people. In the 
southern water district the Monongahela Water Co. sup- 
water from the Esplen pumping station to the 
borough of McKees Rocks, so that there is competition 
there. However, the Ohio Valley Water Co. furnishes 
the majority of the people. It has 10,500 consumers in 
the territory. 

The supply is taken 
located in the 


in the 


and is 


one in the 


water 


plies 


from a system of drilled 
river bottom immediately north of the 
Neville Island and just below the Davis 
There are 12 6-in. wells and 6 8-in. wells 
driven to a depth of 27 ft. below the river bottom, all 
connected up by a suction line to the low-service pumps 
in the There are also 11 12-in. wells sunk in 
the sand bar located 200 ft. out in the river and having 
an independent suction to the low-service pumps. The 
piping of these wells is all below low-water mark. 

At the pumping station there is a 20-ft. well back 
50 ft. from the river bank, whose bottom is possibly 20 
ft. below low water, from which water is pumped into 
a receiving basin adjacent to the pump house and located 
above flood level. Out of this basin the water is pumped 
into the towns. Off of the force main extending through 
the northern district to a masonry reservoir 
1,700,090 gals. and located in Bellevue, several 
feeders branch, so that the reservoir acts as 
izer as well as storage basin. 

Ross Township and Westview borough are supplied 
by an auxiliary pumping plant located at the Bellevue 
reservoir. The force main delivers water to the distrib- 
uting pipe and to a stand-pipe in said borough. 

There is a masonry reservoir in Stowe Township, ca- 
pacity 6,000,000 gals. The force main leading to it is 
direct connected to pipes in the streets so that the con- 
sumers get water partly by direct pumpage and partly 
by storage in the reservoir. 

Typhoid fever has been 
pany’s district for many 


wells 


east end of 
Island dam. 


station. 





holding 
lateral 
an equal- 


prevalent in the water com- 
years It has, however, not 
been ascribed to the supply of the company. Analyses 
of the water made from time to time have shown an 
exceptionally pure quality. Many of the citizens of the 
district engage in business in Pittsburg, -where, until a 
few months ago, the water-supply was highly contami- 
nated with sewage. Probably a great deal of the typhoid 
fever could been traced to from this 
source 

The Monongahela Water Co. supplied the borough of 
McKees Rocks exclusively until a few years ago. Its 
supply comes from wells driven in the bottom of a pump 
pit on the bank of the Ohio River in Esplen. The 
water is lifted into a receiving well, the bottom of 


on 


have infection 


which is level with the river bottom. Through the walls 
there are cracks which admit the contaminated river 
water Therefore, it is not surprising that the typhoid 
fever rate in McKees Rocks borough should be high. 
As no records have been kept of typhoid fever in McKees 
Rocks borough, it is not known whether the rate has 
been reduced by the entrance into the field of the Ohio 
Valley Water Co. 

The analyses of the Ohio Valley Water Co.’s supply 
have been made at long intervals, perhaps one a year; 
so that they prove little as to the average quality. Lo- 
as the piping system is in the river, there is al- 
ways a chance of some break in a pipe, due to rust 
or loosening up of some joint, whereby an inflow of the 
water from the river would occur. 

During the first part of this year there had been a 
rise in the Ohio River and on Jan. 6 the Government 
authorities decided that the rise of the river was suffi- 
cient to justify their lowering the series of collapsible 
dams and allowing a large fleet of coal barges to pro- 
ceed down the river. After the lowering of these dams 
the run-off into the Allegheny and Monongahela rivers 
was suddenly checked by a cold snap and the river 
began to fall. The water company’s wells had up until 
this time been supplying sufficient water for the sys- 
tem, but as soon as the river stage dropped below the 
%-ft. normal stage carried by the dams, the supply be- 
gan to diminish, due to the reduction of the static head 
on the well system 

On Jan. 14, the large reservoir in Stowe Township was 
practically empty and it was deemed necessary by the 
company to obtain an auxiliary supply at once, since 
McKees Rocks borough was without fire protection, ex- 
cept by direct pumping. Therefore, a 6-in. connection 
was made to the river from the 6-in. well at the ex- 
treme eastern end of the inner line of wells. River 
water was admitted through this connection at 10.30 
p. m., Jan. 14, and was pumped into the system diluted 
partly with the water from the rest of the wells until 
seven in the morning of Jan. 16. The water furnighed 
through this connection was fairly clear until the night 
of Jan. 15, when the river suddenly Began to rise. Dur- 
ing the night of the 15th, much mud and other filth was 
mixed in the water and was noted by the consumers on 
the following day. 

On Jan. 16, the river connection was closed off as 
the river had risen sufficiently to increase the supply 
and during the day time the water was pumped from 
the outer system of wells into the northern district. It 
was impossible to close off the river connection from 
the inner system of wells without a diver and he was 
not obtained until Jan. 17 During the night of the 
16th, from 9 p. m. to 7 a. m., the inner system, includ- 
ing the river connection, was again turned on and this 
supply was pumped into the southern water district. 

As a result of the introduction of this raw river water 
into the system, an epidemic of gastro-enteritis started 
on the 15th and extended with full sway through the 
18th, with some cases as far on as Jan. 25. The prog- 
ress of the epidemic is shown in the following table: 


cated 


January Cases. 
14th 4 
15th 354 
16th 1,273 
17th 983 
18th 641 
19th 275 
20th 98 
21st 45 
22d 2 
23d 11 
24th + 
25th 6 


Total... 3,706 

The main force of the epidemic was felt in the north- 
ern water district, in the boroughs on the river front. 
In these boroughs, which have a total population of 
18,000 people, there were 2,887 cases, which represent 
16% of the entire population. Westview and Ross Town- 
ship escaped the infection. This was probably due to 
the fact that the Bellevue reservoir was fairly well 
filled before river water was introduced into the mains, 
and that the water pumped into the Westview system 
was practically all supplied by the stored water in the 
Bellevue reservoir. 

In the southern district 7% only of the population 
supplied was affected, due possibly to the fact that the 
consumers may have become more or less accustomed 
to sewage poison. 

Sixty-three 
within three 


people came down with typhoid fever 
weeks after the supplying of raw river 
water to the district. A large number of them were 
unable to overcome the attack of gastro-enteritis. It 
continued until the case was pronounced typhoid fever 
by the physician. Sixty of these cases occurred in the 
north district. Twenty-nine cases were recorded be- 
tween Jan. 16 and Feb. 1, and 34 cases in February up 
to the 15th of the month. The cases were distributed 
as follows: 





Cases 
et bg RO OC og wee 27 
Avalon .. 18 
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The purpose of reciting this story at length at 
time is to impart a lesson that should not be forgott 
Thus the baneful effect of Pittsburg’s sewage on 
health of the brightest citizens at her doors and 
great mass of evidence everywhere admonishes city a 
state authorities alike of the futility of defying natur 
sanitary laws. Once it was impracticable to pur 
sewage; now the progress of the art has reached a 
velopment where it is possible to remove and destr 


the harmful waste products and discharges of hum 
beings or animals at a reasonable cost. 
Change in Sewage Disposal Methods 


Necessary. 

It has been made apparent in the foregoing statement 
facts about the existing sewers that the sewerage syst: 
of the city must be changed and improved. It has a 
been shown why a comprehensive plan of each ind 
pendent drainage basin system should be made at on 
to provide for present needs and in contemplation « 
future needs when the basin shall have been thorough! 
developed. Furthermore, it has been made appare: 
that the plans for changing the sewers in the districi 
reached by floods must be considered in relation to tl 
flood control problem and the sewage disposal problen 
Probably it will not be found practicable in these di 
tricts to remove storm water and sewage in one ani 
the same structure. 

If it be determined at the outset to separate the sew 
age from surface drainage, then the preparation of th 
sewer plans for the lower-lying districts, as well as for 
the higher districts of the city, may be accomplished 
without delay. 

But the problems of flood control and drainage, and 
of sewage disposal, are not so local. They must con 
template more area than is now incorporated in Pitts 
burg’s municipal territory. This suggests a metropoli 
tan scheme for the collection and disposal of sewage 
At any rate the dictates of sound sense point toward 
this field of investigation. Provided the preliminary 
studies, that should be made at once and preferably by 
the city to expedite progress, prove the proposition to 
be a feasible and economical one, the time is opportun¢ 
for the projection of one great main sewerage district 
Ordinarily it is cheaper to purify sewage at one or mor: 
favorable points where attention may be concentrated on 
the operation, than to attempt treatment at many inde 
pendent plants. 

The State Department of Health is of the opinion that 
it will be found economical to largely separate th: 
storm water drainage from the sewage of local basins and 
main sewers and collect the flow therefrom at one poin! 
or a few main points where treatment of the sewage cal 
be best applied and effected, keeping in mind the use 
of the Ohio River waters below Pittsburg and the abil 
ity of this river to receive without creating a nuisanc: 
an effluent free from disease germs. 

Should the city of Pittsburg desire the assistance of 
the State Department of Health in bringing about 
cooperation between said city and the adjacent munici 
palities named hereinbefore and of others in the Greater 
Pittsburg district to which sewerage decrees have been 
issued or are about to be issued, and will request such 
assistance, it will be gladly given. 


Conclusions 

As showing the form of the conditional permit 
or order we quote as follows: 

In view of the foregoing circumstances, it has been 
unanimously agreed by the Governor, Attorney-General 
and Commissioner of Health that the interests of public 
health will be subserved by granting a permit, and I do 
hereby and herein grant a permit to the city of Pitts- 
burg to extend its sewerage system in the Allegheny 
Monongahela and Ohio River drainage basins, subject to 
the following conditions and stipulations: First, That 
on or before Dec. 1, 1911, the city shall prepare a com- 
prehensive sewerage plan for the collection and disposal 
of all of the sewage of the municipality and submit the 
same to the Commissioner of Health for approval. 

Second, On or before Dec. 1, 1911, the city shall have 
concluded such studies and tests as it may deem expedi- 
ent to inaugurate and shall have decided upon a method 
for the treatment of its sewage and sball submit a re 
port and plans thereoff to the Commissioner of Health 
for approval. 

Third, Provided that progress has been made with th« 
sewerage and sewage disposal plans and with the de 
termination of the kind of treatment to be installed, and 
it shall appear that the time herein specified on or be 
fore which the plans therefor shall be submitted for ap 
proval is insufficient for such purposes, then the Gov 
ernor, Attorney-General and the Commissioner of Healt 
may extend the time. 

Fourth, Meantime, such sewers as it is absolutely 
necessary to build shall be constructed in conformit) 
with the said comprehensive plans for sewerage in 5s 
far as it may be practicable to do so and the plans 0! 
these sewers shall be filed in the office of the State De 
partment of Health at the close of the season’s work 

The careful attention of the local authorities is called 
to the facts stated throughout this public document anc 
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he suggestions contained therein. The State De- 
of Health will be glad to act in an advisory 
ty to further the policy of bringing about the ul- 
te discontinuance of the discharge of untreated sew- 
into the waters of the state in the city of Pittsburg 
ts vicinity 

iis permit before being operative shall be recorded 
he office of the Recorder of Deeds for Allegheny 
ity 


ment 


Commissioner of Health. 
rrisburg, Pa., Jan. 15, 1910. 


AGREEMENT OF THE GOVERNOR, ATTORNEY- 
GENERAL AND COMMISSIONER OF HEALTH, 
The Nine Mile Run District. 
his district is described in the report as 
IWS: 


ne Mile Run Valley is at the ezstern boundary of 
portion of the city lying between the Allegheny and 
ongahela rivers which drains to the latter and it 
ides territory beyond the city. 
ie Mile Run enters the Monongahela River at 
wnh's Bridge in the southeastern part of Pittsburg 
sult one mile west of the eastern city line. it has 
ierous branches draining a total area of about 4,30u0 
es of which about 2,00U acres lie within the limits 
Pittsburg, while the remaining area includes Wil- 
sburg, Edgewood and a portion of Swissvale bor- 
ighs, and portions of Penn, Wilkins and Braddock 
wnoships. Two of its three principal branches rise in 
in and Wilkins townships, flow in a general south- 
terly direction into and through the old Thirty- 
venth and Forty-first Wards of Pittsburg and the 
ough of Wilkinsburg. Here they unite to form the 
which flows consecutively through Edgewood and 
ssvale. On again entering the city of Pittsburg, it 
joined by another considerable branch from a valley 
the north known as Fern Hollow lying within the 

y limits. The Run is about five miles long and has 
fall of about GOO ft. 

rhe topography of the basin is very much broken, its 
uerous branches draining many small ravines, most 
them quite narrow and deep. The lower portion of 

valley has generally abrupt slopes from 150 to 300 
in height, between which lies a practically level 
p of bottom land a mile or more in length and about 

OoU ft. wide, with Nine Mile Run generally following 
eastern border. 

\ll of Pittsburg sewers in Nine Mile Run Valley are 
the combined principle, that is, they take both sewage 
i storm water, and all empty into Nine Mile Run ex- 

the Kelley Street “sewer draining the old Thirty- 
venth Ward, which connects with a drain which 
ypes in the opposite direction and finally empties into 
Allegheny River. 





The population of this district is now placed 
about 35,000, of which only 10,000 is in Pitts- 
surg. The prospective population of 155,000 is 
vided as follows: Pittsburg, 59,500; Wilkins- 
rg, 47,500; Edgewood, 11,500; Swissvale, 12, 
SOU; various townships, 24,700. 
The order states that the discharge of sewage 
ito Nine Mile River must be stopped, and that 
ntreated sewage cannot be discharged into the 
tream. indefinitely. Joint action for sewer- 
ve and sewage treatment is urged, under a 
ynprehensive plan, and the city is ordered to 
ike the necessary studies to that end, either 
me or in conjunction with the other mu- 
ipalities. It is assumed that the purification 
rks will deal with little but sewage proper, 
» which end some reconstruction work for 
parating storm water will be necessary. Copies 
the order have been or will be furnished to 
f soroughs of Wilkinsburg, Edgewood, and 
vissvale, and to the townships of Penn, 
Wilkins and Braddock. 


Saw Mill Run District 

Saw Mill Run drains an area of 2U sq. mi., 
which 75% is outside the city limits of Pitts- 
rg. The stream rises in Bethel Township, 
‘ht miles south of the Monongahela River, 
dad flows in a generally northerly direction 
ugh Baldwin Township and by Carrick Bor- 
gh, through or alongside portions of the city, 
st a part of Lower St. Clair Township and 
through the city again. Carrick Borough has 
n given a permit to discharge sewage into 
w Mill River, provided that by July 1, 1910, 
her alone or in conjunction with Mt. Oliver and 
oxville and the city of Pittsburg [it] shall prepare a 
in for some other disposal . . . and submit the 
lage the [State] Commissioner of Health for ap- 
Mt. Oliver Borough has been given a similar 
rmit, and Knoxville has been notified of the 
juirement thus laid down. 
it seems probable, the order states, that Pitts 
rg will plan a trunk sewer extending down 

valley of Saw Mill Run, and it is recom- 
nded that this be made large enough to carry 

sewage of the entire drainage district, but 
e, if any, of the surface drainage. The order 
therefore, so worded as to require the filing 








of plans for an improved sewerage system by 
Dec. 1, 1911, and also plans for sewage treat- 
ment by the same date, with the proviso that 
more time may be granted for the latter, if 
necessary, and if a proper effort has been made 
to comply with the order. 


Power Cultivation of the Soil.* 
By E. W. HAMILTON.} 


It would be difficult to say who it was that first con- 





ceived the idea of mechanical power in connection with 


the cultivation of the soil. It is recorded as far back 
as 1618, that David Ramsey and Thomas Wildros« 
patented an invention for plowing without horses or 


oxen. These men, it appears, were unable to persuade 
their countrymen of the feasibility of their plans and 
were compelled to abandon their schemes and their in- 
ventions, leaving no records of the modes of working 
them. Richard L. Edgeworth, an Irishman, about the 
year 1730 produced an engine carrying an ‘‘endless 
road’’ with it. All methods, however, up to 





ap 
pear to have proved abortive, but during this year Mr 
John Heathcote, a lace manufacturer in Devonshire and 
a Member of Parliament, brought out and patented his 
celebrated plan for draining and cultivating the land 


by an entirely new set of machines. Mr. Heathcote 
brought out his engine on the first of April, 1834 I 
appears that he intended to especially cultivate and 
reclaim bog land A plow was constructed by a Mr 
Parker, who was at that time consulting engineer to 


the Royal Agricultural Society of England, 


which, on 
being tried, performed admirably, this being the first 
time known when a mechanical power was used to 
plow land. It was said by many who saw this ma- 
chinery at work that if these men had adapted their 
invention to plowing on ordinary land instead of to 
the reclamation of bog land, they would have succeeded. 
As it was, however, after spending some $60,000 they 
abandoned their scheme. The machinery consisted of an 
engine traveling along the headland on one side of the 
field and an anchor on the other. When working on bog 
land an ‘‘endless web’’ for forming a road was used. 
The cultivating implements were drawn backwards and 
forwards between the engine and the anchor. 

In 1849 Messrs. Barrett and Exall, of Reading, Eng- 
land, constructed what may be considered the first ap- 
paratus for working plows and cultivators by the or- 
dinary portable engine, this being the first attempt to 
plow land with a stationary engine. This was the orig- 
inal ‘‘roundabout system,’’ as it is now called, in which 
ropes 1,600 yards long were used. This machinery was 
actually set to work but, after plowing some 60 acres 
at the rate of about five acres a day, the rope broke 
and many other difficulties cropped up, causing the 
inventors to abandon their project. 

Next to the ‘“‘Roundabout”’ method came. the ‘‘Double 
engine’’ method. A set of this machinery was exhibited 
at the great English Agricultural Exhibition of 1851 by 
a certain Lord Willoughby D’Ersby. It consisted of 
engines with winding drums working upon opposite 
headlands, traveling, as work proceeded, upon a tram- 
way of planks. The plows were drawn from engine to 
engine by means of a chain which seems to have been 
the cause of the want of success. It was claimed that 
this machinery was capable of plowing four acres per 
day to a depth of 9% ins. 

By this time traction cultivation had taken a practical 
form and many firms were expending large sums of 
money experimenting and struggling for supremacy. 
Although there were now a number of different methods 
and appliances of cultivating land by mechanical power, 
these were more or less carried out upon one of the five 
following plans: (1) engines traveling over the land 
and drawing the cultivating implements after them; (2) 
locomotive engines working on railways and drawing 
implements behind them; (3) stationary engines drawing 
the implements by means of wire ropes; (4) engines 
moving along the headlands and drawing the implements 
by means of wire ropes; (5) engines placed in punts 
floating on canals and drawing implements by means of 
wire ropes. 

Method One is now in general use on the North and 
South American continents. This method was formerly 
in use in England where traction cultivation may be 
said to have had its origin, but owing to the climate 
and the small fields, it was abandoned. Various classes 
of implements were designed for working behind the 
traction engine, such as plows drawn by chains of dif- 
ferent lengths, Romaine’s rotary cultivator and the 
Darby land digger. This Darby land digger was one of 
the most peculiar freaks in traction cultivation that has, 
perhaps, ever been designed. There was a large tri- 
angular frame constructed and on this frame were a 
number of feet. These feet were not unlike the ordinary 
disk of a disk harrow with the concave side turned 

*Brief abstract of a paper presented at the third 
annual meeting of the American Society of Agricultural 
Engineers, Ames, Iowa, Dec. 28, 1909. 

+Editor, ‘‘Canadian Thresherman and Farmer, Win- 
nipeg, Manitoba. 


down. These disks were made to revolve on an angle 
at about 100 =or.p.m Machines were put out and 
one of them was at work in 1904 in Regina, Canada, 
and about all that can be said of it is that it tore up the 
ground and threw it in all directions. 

Many schemes were brought out to enable the engines 
to travel on soft ground, the most noteworthy of which 
was the Boydell scheme 

This consisted of an ‘‘endless web’’ or ‘‘endless rail- 
way which was attached to the wheels of an engine 
in such a manner that each section fell under the 
wheels as the several parts approached the ground 
Owing, however, to the large number of joints into 


which the dust and dirt was constantly working, the 
wear and tear became so great that the scheme was 
abandoned. Something of a modification of this is the 
Holt Caterpillar engine.* This engine, however, makes 


a sort of tread track and is claimed to be very effective 
as regards its tractive power in soft ground. 

Method Two, in which it was proposed to use locomo 
tives working on railways, was what is known as the 
Guidsway method of cultivation and was first invented 
by an English navy officer by the name of Halket 
This method was never, except upon quite a smal! scale, 
tested practically. Halket proposed to lay down rails 
in the ordinary way except at a distance of 50 ft. from 
rail to rail. The rails were to be laid upon a founda- 
tion of brick work 2] ins. in width and 2 ft. in depth 
At each headland, rails were laid at right angles with 
the others and low enough to receive the working ma- 
hine or platform in order to remove it to fresh ground, 
when it arrives at the headland. These cross rails were 
to be placed at a distance that would allow of a trolley 
sufficiently wide to carry the working machine, possibly 


15 to 20 ft. apart. The rails were to be continued 
at one headland out of the field to convey the apparatus 
thither when the field was finished. The rails were 
also to be continued from field to field in order to 


facilitate the removal of the machine when required to 
work on fresh fields. The rails were, of course, to be 
permanent, being fixed to ties inserted in the brick 
work, the two upper courses of which were to be set 
in cement. The land was to be laid out in square fields 

The working machinery consisted of a platform to 
which was attached the plows that contained from 6 
to 12 bottoms. On each end of the platform was to be 
stationed a steam engine of 5 or more horse-power con- 
nected together by a shaft and a set of gearing which 
engaged with the 16 wheels, 8 on each side. One set of 
plows was to work in one direction and one in the other 

Method Three, which is known as the ‘“‘roundabout’”’ 
worked as follows: The engine was placed on the head- 
land in one corner of the field and was connected by a 
shaft to a windlass. This windlass consisted of a frame 
on four wheels upon which were mounted horizontal 
drums and on these were coiled and uncoiled the ropes. 
One rope led off direct to the anchor on the headland and 
from thence to the plow. The other rope ran over a 
sort of capstain round a snatch block to the anchor on 
the other headland and then to the plow. The anchors 
moved alternately, being fitted with gears by means of 
which, when the plow approached them, they wound 
themselves forward on the ropes The drums on the 
windless were alternately thrown out of gear, thus 
causing the plow to move to and from upon the field. 

Method Four may be divided into two classes, (1) one 
in which only one engine is used in connection with a 
self-moving anchor, and (2) one in which two engines 
are employed, drawing the cultivating implement to and 
fro by means of a steel cable. In the single-engine class, 
the engine was fitted with two winding drums and 
worked along one side of the field while at the other was 
fixed a self-moving anchor. At the corner of the field 
and on the same headland as the self-moving anchor, a 
snatch block was fixed. The cable from one drum of the 
engine was carried around this snatch block to the 
anchor and thence to the plow while the other cable ran 
direct to the implement. The two drums were thrown 
alternately in and out of gear by one lever; thus giving 
a to-and-fro movement to the implement. 

If a careful record were made of all of the plowing 
outfits at use in the world to-day, I believe it would 
reveal the fact that the double-engine method is the 
one in most general use. A number of these outfits have 
been used in the United States, mostly in California 
Two or three outfits have been sold in Canada With 


1e ‘‘double-engine’™’ class two self-moving plow engines 
work on opposite headlands, each alternately pulling the 
plow or other implement toward itself, the engine not at 
work, paying out its rope while moving forward into po 
sition for the return journey. 

This method has made a hard fight for popularity 








but despite any statements to the contrary, even the 
English manufacturers who build practically all of these 
engines, are rapidly turning toward the direct method 
One great disadvantage is the cost, as a I ete set of 
engines and tackle cost about £5,000, or $25,000 
Perhaps the most novel method of traction cultivation 


that has been tried is that which was_used for a consid 
erable time on the plantations of Dé@merara, British 


*Described in Engineering News, Feb. 18, 1900.—Ed 
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dinary threshing engine and such plows as the farmer 
might have at hand. He found the outfit very unsatis 
factory for two reasons: First, his engine was not de- 
signed for tractive efficiency, and secondly, was not dur- 
able. The gears were small and made of cast iron. 

The result was that they were out quickly and 
the owner had an enormous repair bill through their 
breakage. It was necessary that he take a iwo 
or three-bottom horse plow and with one or two or 
thre more of its kind and a crude arrangement of 
hains, ropes and cables, make up suitable hitches 
This caused him a great deal of trouble and annoyance 
and th york done was not always satisfactory. 

The builders raction engines saw that there was 
something to this traction-cultivation proposition and 
they began to redesign their engines, putting broader 

yi the wheels, strengthening the gears and in- 
reasing the horse power. 


The plow manufacturers also helped. They saw that 





there was something to traction cultivation and the 
multiple-bottom gang plow was put on the market. 
These gangs served the purpose fairly well, but they 


we too stiff and rigid. They did not provide for the 
flexibility that is one of the requisites of the 
traction plow. The required flexibility has been secured 
by making each plow independent of all the others, each 
being raised or lowered by its own levers. Most of the 
makers are putting out steam plows, some good 
and some bad, but all, in the main, serving their pur- 
fairly well. 

This engine-gang business marks the beginning of an 
era wherein the manufacturer of tillage instruments is 
making an effort to furnish the farmers with tools that 
he can attach to his engine just as easily as he could 
attach the old style of implement to a team of horses. 
Drills, disk harrows, drag harrows, soil packers, culti- 
vators, etc., etc., that are designed to pull with horses 
are being 
the Thus far, there has not arisen among the 
farmers a demand for a specially designed machine. 
The old implements are serving the purpose fairly well, 
and until some ingenious individual demonstrates that 
there is something better the implements as they are 
now manufactured will hold the field. 

There is, however, one thing that is badly needed in 
connection with tractioning the soil and that is a suit- 
able hitch for every kind of implement. The plow build- 
ers have overcome the difficulty of building their plows 
so that they can be readily hitched to the engine without 
any makeshift on the part of the farmer. But when it 
to attaching drills and harrows and cultivators, 
the farmer is up against a serious difficulty. He has to 
use his own ingenuity and such things as he may have 
at hand, which in most cases are not very satisfactory. 
It seems to me that there is a big field here for any 
manufacturer who will work out and build suitable 
hitches that will apply to the various implements that 
are now being pulled behind the traction engines. These 
hitches might be made adjustable, so that one hitch with 
a few slight adjustments could be made to accommodate 
any class of implement. 

Every year we see more and more of this combina- 
work and especially so since the advent of the gas- 
oline tractor. There is no getting away from the fact 
that this has done more to further traction cultivation 
than anything else. 

Hundreds of letters come into the office of the ‘‘Can- 
adian Thresherman and Farmer’’ every year that con- 
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used with more or less success in tractioning ” 





have been built have failed in 

is p have worked for a short time but 
have ‘mous repair bill. The comparative 
costs soil with steam or gasoline are 
open record of cost that would hold 
true juld be entirely wrong in another. 


Given plenty of 


make a 





nd good, cheap coal, steam will 


beautiful record. On the other hand, given a 





locality wher oal must be brought from a long dis- 
tan and where water is scarce, the use of steam 
p yn a farm proves a distinct failure. In the 
province of Alberta, Canada, during the past season, 
lozens of steam outfits were tied up, not being able to 


turn a wheel on account of the scarcity of water and, 
juring the early part of 1909, many more were seriousiy 
tied up on account of the coal strike that occurred in the 
Crow’s Nest Pass coal mines. 

That which is true in one locality regarding the gaso- 
line tractor is practically true in another, the only dif- 
ference being in the price of fuel. It is also true that the 
use of the gasoline traction engine at the present time 
is somewhat of a fad, the farmer, in very few cases, 
having any definite knowledge of its real practicability. 
The farm papers have opened their columns wide to the 
discussion of this form of mechanical power and the 
manufacturers of machines now upon the market have 
heralded far and wide the advantages to be gained from 
cultivating the soil with a traction engine. I am 
opinion and I state it frankly that these same 
manufacturers know very little about the real proposition 
of tractioning the soil with a is true 
that they have put their machines through some pretty 
severe tests, but when it comes to real, practical, every- 
day work, year in and year out, as compared with the 
steam engine, I doubt if very many of them could give 
any real comparative statement that would be an 
thority. 

The purchaser of 
largely to himself, 
concerned. 


gas 






of the 


gas tractor. It 


au- 


a gasoline engine to-day is left very 
in so far as his field of operation is 
is very little experience back of the 
thing to which he can turn and his success or failure is 
his own. To me it seems that there is a crying need 
for education along this line. Time is too short and 
our agricultural products are becoming too valuable to 
permit the farmer to stumble blindly into such a vital 
proposition as tractioning the soil. It seems to me that 
there is a crying need on the part of the farmers for the 
manufacturer of gas traction engines to work experimen- 
tal farms of his own. It would enable the manu- 
facturer to secure an accurate record of costs, so that 
he could go to the prospective purchaser of a gas trac- 
engine for soil cultivation purposes with data that 
would be based upon actual work done and not upon 
data secured from the testing floor. 

The records as they are procured from the 
at the present time as they have carried on 
cultivation, amount to very dttle. During past 
three or four years, I have gone over hundreds of these 
records from people who have done traction plowing in 
Canada and there is such a gross amount of inconsistency 
in the reports that they are really nothing but a farce. 

The average traction engine know 
how to get at costs. He does not know what to include. 


rhere 


tion 


farmers 
traction 
the 


owner does not 


The cost varies all the way from 75 cts. up to $5 per 
acre, conditions being practically the same. Three 
fairly representative reports are appended. Two are for 


internal-combustion motors 
The man who farmed 
crudest implements. 


and one for a steam engine. 
forty years ago used only the 
He tickled the earth, so to speak, 


with a hoe. To-day it is different. The man who ope: 
a farm should be much of a skilled mechanic. H 
compiex machinery that requires accurate au 
careful adjustment, in order that it may do its 
properly. 


The 


ates 
operates 
worn 
gasoline traction engine is going to bring abou 
this need of skilled labor more than any other one thing 
fhe hired man of the future must be able to use his heai 
as well as his hands. He will be required to run a trac 
tion engine and all of the machinery driven by 
Not only will he be required to run it, but he wili b 
required to do it economically. Skilled labor always has 
bond of relationship. At the present tim 
there is no such thing as the Hired Man’s Union. Ther 
is no walking delegate that goes from farm to farm anid 
dictates to the employer how many hours he shall work 
his men or how much per hour he shall pay them. Bu 
skilled labor will band itself together into a unio: 
that will control, in a measure, the farm-labor question 
There will be a regulation of hours, but there will al: 
be a regulation of wages, and when the time comes, ti 
farm and the manufacturing establishment will b 
placed upon the same basis, in so far as the cost o 
production is concerned. 

The farmer of the future will get down to a syste 
of costs where every gallon of gasoline or kerosene us 
must represent so much work, the same as it does in our 
large manufacturing establishments of to-day. 


a common 


Notes from Engineering Schools. 

YALE UNIVERSITY.—The Director of th 
Sheffield Scientific School, Dr. Russell H. Chit 
tenden, has announced a gift to the school o 
$250,000, for the construction and equipment o 
a new mechanical-engineering laboratory. Tw 
graduates of the Sheffield School, of the class 
of 1888, Mr. George G. Mason, of New York City, 





and his brother, Mr. William S. Mason, 0! 
Evanston, Ill, have given this money to th: 
Board of Trustees, who will provide a site fo! 


the building. 

The new laboratory will be located on Hill 
house Ave., nearly opposite the Leet Oliver Me 
morial building. It will have a frontage of abou 
SS ft. on Hillhouse Ave., extending back 200 ft., 
With a rear entrance on Temple St. It will b: 
four stories in height and will be constructed otf 
Indiana limestone and brick. There will be ap 
proximately 50,000 sq. ft. of floor area and S8S80v,- 
OVO cu. ft. volume of rooms. The entire equip 
ment will be new and will consist of the most 
modern appliances for assisting the student i 
Studying those fundamental principles of ap 
plied science which are closely related to me- 
chanical engineering—such as_ relate to thé 
strength of materials, to the combustion of fue 
in furnaces and in internal combustion engines 
the steaming of boilers of different types, th 
use Of saturated and superheated steam, thi 
artificial production of cold, to the compressio! 
of air, to hydraulics, power transmission, heat 
ing and ventilation, etc. Besides furnishing a 
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odern laboratory for under-graduate instruc- 
on, it is expected that when the building is 
litably equipped, it will encourage graduates 
the school to remain for four years of post- 
raduate work. With the opportunities avail- 
ble, research work in engineering science may 
carried on by research fellows and members 
the teaching staff. 
It is expected that the plans will be ready so 
iat work on the laboratory may be begun by 
ext July and the building completed and 
quipped by June, 1911. 
ed 


A MOTOR CAR WAS WRECKED BY A BLAST Feb. 6 
n the private railway from Kelvin, Ariz., to the Ray 
opper mines and its seven occupants were killed. Re- 
orts state that the man who had lighted the fuse, the 
yreman of a gang of laborers at work in a cut, warned 
he motorman in time to have prevented the accident. 
‘he motorman, however, went ahead at full speed, ap- 
arently in the belief that he could get safely past the 
last before it exploded. The names of the six passengers 
n the car, all of whom were killed, are given in news- 
vaper reports as follows: J. B. Joyce, A. S. Bieber and 
'. C. Griffin, civil engineers employed by the Ray 
‘onsolidated Copper Co., and R. P. Coleman, Water C. 
Franz and W. H. Freeland mining engineers of Salt 
Lake City, Utah. Mr. Frenz and Mr. Freeland were in 
he employ of Mr. Henry Krumb, M. Am. Inst. M. E., 
of Salt Lake City. 

TWO MORE COAL MINE EXPLOSIONS followed 
losely on the heels of the two noted in our last week’s 
issue. 

An explosion, Feb. 2, in the Palau mine of the Esper- 
inzas Mining Co., at Los Esperanzas, Mexico, killed 70 
niners and severely injured about 20 others. The acci- 
ient is ascribed to the ignition of gas by a miner's cigar- 
ette, smoked in violation of the company’s rules. 

An explosion at the Ernest mine, five miles north of 
Indiana, Pa., Feb. 5, resulted in the death of eleven 
men. One man, at work near the place where the ex- 
plosion originated, is reported to have saved himself 
from suffocation by crawling a quarter of a mile. Most 
)f the victims appeared to have been killed by suffoca- 
tion. 

In the Drakesboro, Ky., explosion, Feb. 1, later reports 
give the number of men killed as 34 and in the explosion 
it Primero, Colo., Jan. 31, the number killed is now 
given as 75>. This gives a total of 190 lives lost in the 
four explosions within one week. 





,* 
> 


RAILWAY ACCIDENT BULLETIN No. 33 of the 
Interstate Commerce Commission gives the total number 
of collisions and derailments in the United States during 
the months of July, August and September, 1909, as 
’ 751—1,288 collisions and 1,463 derailments. The total 
iumber of persons killed in train accidents was 193 and 
},752 others were injured. Including railway accidents 
of all sorts 852 persons were killed and 19,241 injured. 
rhe increase in the total number killed, all causes, was 
264 over the preceding quarter and 118 over the corre- 
ponding quarter of the year 1908. 

The total number of passengers killed, not including 
postal clerks, express messengers and others carried 
inder special arrangements, was 87. Of these, 42 were 
killed in train accidents and 30 were killed by falling 
from cars or while getting on or off. Of the train 
vccidents 229 collisions and 192 derailments affected 
passenger trains. The total number of derailments due 
to defects of roadway was 268 while those due to defects 

equipment numbered 671. The bulletin states that 
he only favorable indication afforded by the statistics it 
presents is the fact that ‘‘the total of employees killed 

n train accidents and in coupling cars do not show such 
lecided increases as do those of employees killed from 
ther causes.” 





———__- -—_ — @——_ --- -- 


TYPHOID FEVER AT RICHMOND, VA., caused 28 
leaths in 1909. This gives a death rate of 25.6 per 
00,000, which is 42% lower than that of any previous 
ear on record. The reduction is believed to be chiefly 
ue to health-protective work in other lines than those 
elating to the public water-supply. 


~~ 
» on 


THE NEW PENNSYLVANIA R. R. TERMINAL at 
Ist St. and Seventh Ave., New York City, will be opened 
or Long Island R. R. suburban traffic on April 1. The 
‘ther passenger trains westward under the North River, 
1iowever, will not begin running until June 1 or later. 
The first 24 electric locomotives which are to handle the 
traffic in this terminal are being completed at the Al- 
toona shops. 





* 
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THE RIVER AND HARBOR APPROPRIATION BILL, 
.ccording to press reports, is being drafted to provide 
ppropriations of about $35,000,000, and will involve the 
eginning of work on waterway improvements estimated 
o attain a final expenditure, in the course of a dozen 











years, of some $600,000,000. This latter estimate in- 
cludes $80,000,000 for the Mississippi River and $63,- 
000,000 for the Ohio River. 





THE TWO MAMMOTH STEAMSHIPS which the White 
Star Line is building and which are expected to be ready 
for the summer of 1911 are to be rivaled in size by 
two large vessels which the Hamburg-American Line is 
to have built, according to a cable dispatch in the New 
York ‘‘World”’ of Feb. 7. The Hamburg-American ves 
sels are to be 85U ft. long, YZ ft. beam, 66 ft. in depth 
with about 34 ft. draft. Reciprocating engines are pro- 
posed, to develop about 48,000 HP. and give a speed of 
21 knots. The vessels will accommodate 4,800 passen 
gers and carry a crew of 75U. The White Star liners, the 
“Titanic” and “Olympic,’’ as noted in Engineering News, 
Feb. 11, 1909, are to be YUU ft. long, with 90 ft. beam. 
Their expected speed is only 2U knots. 


ms 
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THE UNPRECEDENTEDLY HEAVY RAINFALL in 
parts of Utah has brought trouble to another railway. 
The destruction of a large part of the line of the San 
Pedro road, running from Salt Lake to Los Angeles, 
was noted recently. lt now appears that the extraor- 
dinary inflow into Great Salt Lake has raised its level 
to a higher point than has ever been recorded since the 
country was settled. The Lucin cut-off, built across the 
lake by the Southern Pacific Ry. a few years ago, i: 
threatened by the rising waters, and if the rise con- 
tinues it may be necessary to temporarily abandon the 
line and raise the height of the track. When this cut 
off was constructed, the track was about 20 ft. above 
the lake level. 





~~ 
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THE FIRST TUNNEL driven in the United States on 
a transportation line is said to be the Canal Tunnel 
at Lebanon, Pa., on the old Pennsylvania canal, which 
extended from Middletown, on the Susquehanna River, to 
Reading, on the Schuylkill River, a distance of 79 miles. 
it is stated that the city of Lebanon will next year 
hold a celebration in honor of the centenary of the be- 
ginning of work on this old tunnel. The origin of the 
canal enterprise dates back to 1762, and the projectors 
were David Rittenhouse, the astronomer, and Dr. William 
Smith, Provost of the University of Pennsylvania. These 
noted scientists, however, were far in advance of their 
time, and not until after the close of the Revolution, in 
1794, was a company organized to construct the pro- 
posed canal. Actual work on construction began in 
1811, but the canal was not completed until 1837. The 
tunnel at Lebanon is driven through solid rock and is 
about an eighth ef a mile long. The main part of the 
canal was long ago abandoned and filled, but about a 
mile in length at Lebanon, including the old tunnel, is 
still open. 








Personals. 


Mr. P. H. Norcross, Assoc. M. Am. Soc. C. E., of the 
Solomon-Norcross Co., Atlanta, Ga., has been appointed 
Consulting Engineer for the Georgia State Board of 
Health. 

Mr. W. W. Whitenton has been appointed Vice-Presi- 
dent and General Manager of the Chicago, Rock Island 
& Gulf Ry. to succeed Mr. J. W. Robins, recently elected 
President of the Trinity & Brazos Valley Ry. 

Mr. J. F. Sheahan, Master Mechanic of the Southern 
Ry. at Knoxville, Tenn., has resigned to take a similar 
position with the International & Great Northern R. R. 
at Palestine, Tex. 

Mr. Walter M. McFarland, M. Am. Soc. M. E., Acting 
Vice-President of the Westinghouse Electric & Manufac- 
turing Co., East Pittsburg, Pa., has resigned to engage 
in other business. 

Mr. Hallet R. Robbins, M. Am. Inst. M. E., who has 
been in Boston for several weeks, has returned to the 
West and taken over the management of the Ironsides 
gold mine near Boise, Idaho. 

Mr. Sam. R. Murray, Superintendent of the municipal 
asphalt repair plant of Indianapolis, Ind., from June, 
1908, to Jan. 1, 1910, has gone to Denver, Colo., to take 
charge of the asphalt department of the bureau of high- 
ways. 

Mr. D. W. Cooke has become President of the Met- 
ropolitan Street Ry. Co., Kansas City, Mo., succeeding 
Mr. Bernard Corrigan. Mr. Cooke was formerly General 
Traffic Manager of the Erie R. R., with headquarters at 
New York City. 

Mr. Alten S. Miller, Assoc. Am. Inst. E. E., formerly 
General Manager of the Consolidated Gas, Electric Light 
& Power Co., of Baltimore, Md., has been made Presi- 
dent and General Manager of the Union Electric Light 
& Power Co., of St. Louis, Mo. 

Mr. E. G. Buckland, Vice-President of the New York, 
New Haven & Hartford R. R., at Providence, R. I., has 
been made Assistant to the President to succeed Mr. 
H. A. Fabian, who will fill the newly created position 
of manager of purchases and supplies. 





Mr. George L. Robinson, Assoc. M. Am. Soc. C. E., 
President of the New York Sewage Disposal Co., who 
has been in Europe for several weeks, examining mu- 
nicipal sewage disposal works, sailed from Liverpool for 
New York City Feb. 5 on the ‘‘Baltic.”’ 

Mr. J. Currie has been appointed Superintendent En- 
gineer of the Cunard Steamship Co. to succeed George 
Thompson, who died Dec. 27. Mr. Currie was formerly 
Chief Engineer of the ‘‘Mauretania,’’ and has been in 
the Cunard company’s service for 37 years. 

Mr. Darius Miller, First Vice-President of the Chicago, 
Burlington & Quincy R. R., has been made President 
to succeed Mr. E. B. Harris, retired. Mr. Miller first 
entered railway service in 1877 as a stenographer in the 
general freight office of the Michigan Central R. R. 

Mr. P. J. O’Brien, Superintendent of the Madison 
division of the Chicago & Northwestern Ry., has been 
transferred to the Galena division to succeed Mr. W. D. 
Beck, resigned. Mr. G. B. Vilas, Assistant Superintend- 
ent of the Madison division, has been promoted to suc- 
ceed Mr. O’Brien. 


Mr. J. E. Buker, Superintendent of the car department 
of the Illinois Central R. R., at Chicago, Illl., has re- 
signed to become First Vice-President of the Chicago Car 
Heating Co. His position with the Lllinois Central has 
been abolished and its duties will be assumed by Mr. 
R. W. Bell, Superintendent of Machinery. 

Mr. Howard G. Hetzler has been appointed President 
of the Chicago & Western Indiana Ry. He was for- 
merly President of the Metropolitan Elevated Ry., of 
Chicago, and has been Superintendent of Terminals of 
the Chicago, Burlington & Quincy Ry., and Engineer 
of Maintenance of Way of the Chicago, Indianapolis & 
Louisville Ry. 


Mr. G. R. Solomon, Assoc. M. Am. Soc. C. E., of the 
Solomon-Norcress Co., civil, structural and hydraulic 
engineers, Atlanta, Ga., sailed Feb. 5 from San Fran- 
cisco for a trip around the world, during which he will 
spend some time in the investigation of hydro-electric 
and hydraulic developments in foreign countries. He 
expects to be away about six months. 


Mr. Arthur N. Talbot, M. Am. Soc. C. E., Professor 
of municipal and sanitary engineering at the University 
of Illinois, has been awarded the Chanute medal in civil 
engineering by the Western Society of Engineers for his 
paper on ‘Tests of Cast-Iron and Reinforced-Concrete 
Culvert Pipe.’’ Provision for three medals to be awarded 
annually by the Western Society of Engineers for work 
in mechanical, electrical and civil engineering, respec- 
tively, was made by Dr. Octave Chanute. 


Mr. Howard K. Bell has resigned his position as Chief 
Engineer and General Manager of the Lexington Hydrau- 
lic & Manufacturing Co., Lexington, Ky., and will enter 
upon general practice as a sanitary and hydraulic engi- 
neer. He will continue, however, in charge of the engi- 
neering work of the Lexington Hydraulic & Manufactur- 
ing Co. Mr. W. S. Cramer, who has been Chief Engi- 
neer of the pumping station for a number of years, 
will succeed Mr. Bell as General Manager. 


Mr. ¥rank T. Fowler, a member of the Board of Local 
Improvements, of Chicago, has been appointed tempor- 
arily as Superintendent of Streets of that city. In the 
recent civil-service examination, Mr. J. T. Fetherston, 
Assoc. M. Am. Soc. C. E., of New York City, stood at 
the head of the list, but an organization of ward super- 
intendents brought suit to contest the legality of his ap- 
pointment. Under these circumstances Mr. Fetherston 
declined the appointment. Mr. Fowler is stated to have 
ranked sixth on the list of those who took the examina- 
tion. 


Mr. A. W. Grosvenor, recently Assistant Engineer in 
connection with the Grand Central terminal improve- 
ments of the New York Central Lines at New York City, 
has opened an office at 311 Bank Block, Fort Wayne, 
Ind., for the practice of civil engineering. Mr. Grosve- 
nor is a graduate of the Massachusetts Institute of Tech- 
nology, class of 1899, and has been employed consecu- 
tively as Assistant Engineer of Maintenance of Way on 
the Pennsylvania Lines West of Pittsburg; Assistant Su- 
perintendent of caissons with S. Pearson & Son, Incor- 
porated, on East River tunnel construction at New York 
City, and Night Superintendent with the United Engi- 
neering & Contracting Co., of New York City. 


Mr. I. M. De Varona, M. Am. Soc. C. E., Chief Engi- 
neer of the Department of Water Supply, Gas and Elec- 
tricity of the Borough of Manhattan, New York City, 
has been made Chief Engineer of the reorganized depart- 
ment for the entire city, with jurisdiction in all bor- 
oughs. Mr. W. W. Brush, Assoc. M. Am. Soc. C. E., 
Engineer of Distribution, Board of Water Supply, New 
York City, has been made Deputy Chief Engineer under 
Mr. De Varona. Mr. Walter E. Spear, Assoc. M. Am. 
Soc. C. E., has resigned as Chief Engineer of the De- 
partment of Water Supply in the Borough of Brooklyn 
and that position has been abolished. Mr. Spear has 
returned to the service of the Board of Water Supply, 
from which he was transferred to the Brooklyn position 
in January, 1909. é 
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Obituary. 


Ford P. Beers, an engine g contractor of Cleveland, 
Ohio, died in that city Jan. 31, aged 45 years. 

( R. Eager, President of the California Construction 
Co., of San Francisco, Cal., died Jan. 17 im that city at 


age of 63 years. Mr. Eager was several years ago en- 


ged in t ontracting business at Los Angeles, Cal. 
A he me of his death the company of which he was 


President wa ynstructing the Government breakwater 


Randolph Macdonald, a Canadian contractor, died Jan. 
21 at his home in Toronto, Ont Mr. Macdonald was 
in Drummondville, Ont., in 1849, and was educated 
London After several years, dur- 


ich he was associated with railway construction in 


at Hellmuth College 


Ohio and Pennsylvania, he entered into partnership in 
h his brother, under the firm name of W. E. 
ld & Co. This firm built portions of the Inter- 
Ry., of Canada, sections No. 1 and No. 2 of th 
Canal and the Welland Basin, near Montreal 





Randolph Macdonald was later a member of the firm of 
Manning & Macdonald, in partnership with Mr. Alexan- 
der Manning, but he eventually purchased the Manning 
iterests in the firm and reorganized as the Randolph 


Macdonald Co., 


with a great 


Limited He was onnected as a 

number of 

irbor projects in Ontario and Quebec. 

D. Whitcomb, M. Am. Soc. C. E., died Jan. 26 
Richmond, Va. Mr. East- 

ort, Me n 1826, and was a graduate of Bowdoin Col- 

lege in the class of 1847. 


railway, canal and 








Whitcomb was born at 


He entered the service of the 
Chesapeake & Ohio Ry. at Richmond in 1849 and re- 
mained with that company nearly 25 years. He was 
made Superintendent of Transportation in 1854 and Chief 
Engineer in 1855 During the Civil \,ar he held the 
rank of a major in the Confederate Army and had charge 


of the transportation of troops and supplies over the 
Chesapeake & Ohio Ry After the close of the war he 
upervised the extension of the railway through the 
Allegheny Mts.’ from the headwaters of the James River 
the Ohio River 
In 1874 Mr. Whitcomb was appointed by President 
Grant to be a member of the commission to examine 


European waterways and report a plan for improving the 
mouth of the Mississippi He was also put in charge 
f improvements of the James River. He resigned from 
the Government service in 1880 to return to railway work 
in charge of the construction of the Kanawha & Michi- 
gan Ry. He took charge again of the James River im- 

ontinued in the employ of the 
Government until his retirement in 1900 


provements in 1898 and 
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Engineering Societies. 


COMING MEETINGS 
NEW ENGLAND ASSOCIATION OF GAS ENGINEERS. 

Feb. 16 Annual meeting at Boston, Mass. Secy., 

N. W. Gifford, 26 Central Square, E. Boston, Mass. 
IOWA ENGINEERING SOCIETY. 

Feb. 16-17. Annual convention at Cedar Rapids, Iowa. 

Secy., A. H. Ford, Iowa City, Iowa. 
NORTHWESTERN CEMENT PRODUCTS ASSOCIA- 
TION. 

Feb. 18-21 Annual convention at Chicago, III. 
man, notification committee, O. U. 
lis, Minn 

NATIONAL ASSOCIATION OF CEMENT USERS. 

Feb. 21-26. Annual convention at Chicago, Ill. Pres., 
Richard L. Humphrey, Harrison Bldg., Philadelphia, 
Pa. 


Chair- 
Miracle, Minneapo- 


ENGINEERING SOCIETY OF WISCONSIN 
Feb 20. nnual meeting at Milwaukee, Wis. Secy., 
W. G. Kirchoffer, 31 Vroman Bldg., Madison, Wis. 
AMERICAN SOCIETY OF ENGINEERING CON- 
TRACTORS 
Feb. 24-26 Annual meeting at Chicago, Ill. Secy., 
D. J. Hauer, 721 Park Row Bldg., New York City. 
AMERICAN INSTITUTE OF MINING ENGINEERS. 
Mareh 1-5 Annual meeting at Pittsburg, Pa. Secy., 
R. W. Raymond, 29 West 39th St., New York City. 
AMERICAN RAILWAY ENGINEERING AND MAINTE- 
NANCE OF WAY ASSOCIATION 











March 15-1 Annual convention at Chicago, Ill. Secy., 
E. H. Fritch, 962 Monadnock Block, Chicago, III. 


AMERICAN CHEMICAL 


ma 


SOCIETY.—As a 
ation of results of researches, the New 
York Section of the American 


means of 
mu ng pu 
Chemical Society, pro- 
o group together at each future monthly meeting 


1ose papers of cognate interest, following the recently 
lopted plan of the society in establishing various 4di- 
sions for the different branches of chemistry Thus 


the meeting 
Physiologi 


“Lectur 


to be held on Feb. 11 wil! be for papers on 
‘al Chemistry’’; that on March 11, will be on 
Experiments and 





Apparatus,’’ and that on 


April & will be on ‘Industrial Chemistry—Leather.’’ 


AMERICAN INSTITUTE OF ELECTRICAL ENGI- 
NEERS.—A joint meeting with the American Society of 
Mechanical Engineers will be held in Boston, Mass., on 


il 

Feb. 16, 8 p. m., at the Boston City Club, 9 Beacon St. 
This meeting will be held under the auspices of the in- 
dustrial power committee of the institute The follow- 


ing papers have been announced: 





of Electric Power to Industrial Es- 
bb. C. Jackson. 
vs. Isolated Plants for Textile Mills,’’ 


The 
lishments from 

“Tilumination for 
ney 

The Requirements for an Induction Motor, from the 


upply of Electrical Power for Industrial Estab- 
Central Stations,’’ Mr. R. S. Hale. 
industrial Plants,’’ Mr. G. H. Stick- 
User’s Point of View,’ Mr. W. Nye. 

The annual Institute dinner will be held at the Hotel 
Astor, New York City, Thursday, Feb. 24, at 7 p. m. 
The guest of honor will be Prof. Elihu Thomson, to 
whom the first Edison Medal has been awarded, ‘‘for 
meritorious achievement in electrical engineering’’ sci- 
ence and arts, as exemplified by his contributions thereto 
during the past 30 years. 


INDIANA SANITARY AND WATER-SUPPLY ASSO- 
CIATION.—The annual meeting will be held at the Clay- 
pool Hotel, Indianapolis, Ind., Feb. Among the 
papers to be presented are the following: ‘‘The Recent 
Richmond Valuation,’’ H. A. Dill, Superintendent, Rich- 
mond Water Co.; ‘‘The Construction of Sewage Disposal 
Plants,”’ Brossman, Indianapolis; ‘‘Progress in 
Stream Pollution Elimination,’’ Dr. J.. N. Hurty, Secy., 
Indiana State Board of Health; ‘‘Water Softening,’’ Ed- 
ward University of Illinois; ‘‘The Wisconsin 
Utility Commission's Workings As They Refer to Water 
Companies,’’ B. H. Meyer, Madison, Wis.; ‘‘Sewage 
Plant at Fort Benjamin Harrison,’’ Major Fountleroy; 
“‘Some Constructional Features in Filtration Plants,’’ C. 
Arthur Brown, Chicago, Ill.; ‘‘Value of Accurate Water- 
Works Records in the Light of Some Recent Valuations,’’ 
Dabney H. Maury, Peoria, Ill.; ‘‘Progress of Sewage 
Purification,’’ Geo. W. Fuller or Geo. Johnson, of New 
York City. 

Other papers will be 
anapolis; E. L 
Frankfort, Ind.; 
Sackett, 


25-26. 


Chas. 


Bartow, 


presented by C. H. Hurd, Indi- 
Loomis, Valparaiso, Ind.; J. B. Martin, 
Leonard Metcalf, Boston, Mass.; R. L. 
Purdue University, and John W. Alvord, Chi- 
cago, Ill. 

ASSOCIATION OF CONSULTING ENGINEERS.—Stdme 
five years ago an organization was effected in a small 
way by a few engineers in professional practice in New 
York City, who were engaged principally in architec- 
tural engineering, its object being to promote the busi- 
ness interests of the professional engineer. Although not 
the association thus formed succeeded 
American Institute of Architects to 
amend their ‘‘Code of Professional Practice and Schedule 
of Fees’’ so as to include the work of the structural en- 

The association further has taken an active part 
in such questions as the revision of the city charter and 
the amendment of the building code, and has also drawn 
up a ‘‘Tentative Code of Professional Practice and Proper 
Minimum Charges for Professional Service.”’ 

With a view of expanding the work and influence of 
the above organization, it has been merged into a new 
organization called the ‘‘Association of Consulting En- 
,’ whose membership is to include all branches 
of engineering practice, in a purely professional way, 
ind only those whose age and experience qualify them 
to act in a consulting capacity. It is hoped that this 
association will develop into an organization of great 
influence in conserving the business interests of the pro- 
fessional consulting engineer, as well as in dignifying 
the work of his calling. 





large in numbers, 
in inducing the 


gineer. 


sineer 





At the first meeting of the Association of Consulting 
Engineers the following officers were elected for the 
ensuing year: President, Alfred P. Boller; Vice-Presi- 
dent, Rudolph P. Miller; Directors, Henry W. Hodge and 
S. O. Miller; Secretary and Treasurer, Eugene W. Stern, 
103 Park Ave., New York City. 

AMERICAN SOCIETY FOR TESTING MATERIALS.— 
The Executive Committee is planning for a memorial 
session commemorative of the deceased president, C. B. 
Dudley, to be held in connection with the annual meet- 
ing of the society next summer. At this session emi- 
nent men who stood in close personal relations with Mr. 
Dudley will speak of his many-sided activities. Subse- 

volume is to be published by the 
containing as central feature a portrait and bi- 
ography of Dr. Dudley and his notable presidential ad- 
dresses delivered before the society 1903-1909. 
labors of the having brought 
about the necessity for an increased income, as was in- 
dicated by the last financial reports, the Executive Com- 
mittee is preparing to consider a classification of mem- 
bers on the basis of an age limit of 30 years, with in- 
creased dues for the higher class. Suitable statistics 
of the membership are now being secured, and definite 
recommendations will doubtless be placed before the so- 
ciety at its annual meeting. 

To systematize the creation and working methods of 
the technical committees by which the main work of 
the society is done, a set of regulations on the subject 
has been issued by the Executive Committee, after con- 
sultation with the chairman of the present technical 
These regulations are as follows: 


quently a memorial 


society, 


The growing society 


committees. 


REGULATIONS GOVERNING TECHNICAL COMMIT- 
TEES. 
CREATION.—The creation of a technical committee 


shall be subject to the authorization of the Executive 
Committee, acting either on a recommendation adopted 


by majority vote at an annual meeting of the Societ 
or on its own initiative. 

APPOINTMENTS.—Appointments on technical comm 
tees shall be made by the Executive Committee, subj: 
to the following provisions: 

1. On committees dealing with subjects having a co 
mercial bearing, either an equal numeric balance sh 
be maintained between the representatives of consumi 
and producing interests; or the former may be allow 
to predominate with the acquiescence of the latter. | 
attached experts shall be classed with the represent 
tives of consuming interests. 

2. Additional appointments on existing committe 
shall be made only on the recommendation of, or wi 
the approval of, such committees. 

3. Only members of the Society shall be eligible, 
general, to appointment on committees, although exce; 
tions may be authorized by the Executive Committee 
favor of representatives of government branches or oth 
societies, 

PRELIMINARY ORGANIZATION.—The President 
the Society will appoint the chairman pro tem. of a ne 
committee from the representatives of the consuming ir 
terests and unattached experts. The chairman pro tem 
after communicating with the other members of tl! 
committee, will fix the place and time of the first meet 
ing. He may, at his discretion, appoint one or mor 
members of the committee to prepare matter in advan 
for consideration at that meeting or he may prepar 
such matter himself. This procedure is recommended a 
calculated to economize time at the meeting and to a 
ford a definite basis for discussion. 


PERMANENT ORGANIZATION.—At the first meetin: 
of a committee a permanent organization shall be ef 
fected by the election of a permanent chairman fron 
among the representatives of consuming interests and 
unattached experts, and such other officers and sub 
committees as the committee may desire. The dutié 
and powers assigned to these officers and sub-commit 
tees, and the details of management and administratior 
in general, shall be at the discretion of each committe: 
subject to the limitations of these regulations. 

REPORTS.—The reports of technical committees shal 
be presented at the annual meetings. Reports embody 
ing any features on which specific action on the part 
of the Society is recommended by the committee, must 
first have been submitted to letter ballot of the commit- 
tee, and such features must have received the approva 
of the majority of those voting. Dissenting members 
shall have the right to present minority reports indi 
vidually or jointly. 

SPECIFICATIONS.—Proposed new and standard speci 
fications or the proposed amendment of existing speci- 
fications must originate in the particular committe¢ 
within whos* province such specifications properly be- 
long. No action affecting specifications shall be taken 
by any technical committee except at meetings called 
for that purpose. Action at such meetings shall be 
subject to majority vote of those voting, and subse- 
quently to majority vote of those voting on letter ballot 
of the entire committee. Dissenting members shall have 
the right to present minority reports, individually or 
jointly, at the annual meeting of the Society at which 
the majority report is presented. 

Any recommendations affecting specifications presented 
by the appropriate committees at the annuai meetings 
of the Society may be amended by a majority vote of 
those voting, and the final adoption of new or amended 
specifications shall be subject to the following proced- 
ure: 

1. Approval at an annual meeting by two-thirds vote 
of those voting. 

2. Approval by letter ballot of the Society by two- 
thirds vote of those voting. 

COOPERATION WITH OTHER COMMITTEES.—A 
committee may, at its discretion, invite the cooperation 
of committees of other societies on like or cognate sub 
jects, provided such relations shall entail no obligations 
at variance with these regulations, and shall impose no 
restrictions upon the free and independent action of the 
committee. 

A committee desiring to bring about the appointment 
of similar committees by other societies for purposes 
of cooperation shall address a recommendation to that 
effect to the Executive Committee and, on the approval 
of the latter, negotiations to the desired end shall be 
conducted on behalf of the Executive Committee by the 
Secretary of the Society. 

PUBLICATIONS.—Committees shall have no right to 
issue matter for publication through other than the reg 
ular Society channels, unless so authorized, for excep 
tional reasons, by the Executive Committee. 


CURRENT EXPENSES.—The current expenses of 
committees for stationery and postage will be assumed 
by the Society. Stationery of standard form will be 
furnished by the Secretary of the Society on application 
of the chairman or secretary of a committee. Expenses 
for postage will be paid by the Treasurer of the Society 
on vouchers approved by the chairman of a committee 

EXTRAORDINARY EXPENSES.—Expenses for items 
other than stationery and postage will not be assumed 
by the Society, unless such expenditures were incurred 
in pursuance of authorization of the Executive Commit 
tee, on recommendation of the chairman of the commit- 
tee concerned, and within amounts specifically fixed by 
the Executive Committee. 





SPECIAL FUNDS.—Committees engaged on subjects 
having a commercial bearing shall be authorized to 


solicit contributions from manufacturers towards re 
search funds. Contributions from consumers to funds 
for this and other purposes shall be solicited only by 
the Executive Committee. All funds thus collected shall 
be transmitted to the Treasurer of the Society and de- 
posited by him in bank and placed to the credit of the 
committees on the books of the Society, subject to dis 
bursement only on vouchers signed by the chairman of 
the committee concerned. 

SALARIES AND FEES.—Committees shall not be au 
thorized to pay salaries or professional fees in any form 
to any of their officers or members. Assistants in con 
nection with research work may be engaged at salaries 
or special compensation fixed by the committees con 
cerned, provided that funds for such salaries or com- 
pensations shall previously have been deposited with 
the Treasurer of the Society. Payments for such pur- 
poses shall be made by the Treasurer of the Society 
only on vouchers approved by the chairman of the com 
mittee concerned. ‘ 

DISCHARGE OF COMMITTEES.—Technical commit- 
tees may be discharged by the Executive Committee, 
either at their own request or with their consent, on the 
completion of the work for which they were appointed 
or in consequence of protracted inactivity. 
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